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A CRITICAL STUDY OF THE BURRELL INDICATOR 
FOR COMBUSTIBLE GASES IN AIR 


By Lowe tu H. Minuiean 


INTRODUCTION 


Early in the history of coal mining the hazards to life and property 
from ignitions and explosions of fire damp (methane and air) were 
recognized. The safety lamp introduced by Davy in 1815 did 
much to increase the safety of miners; the modified Davy lamp is 
still the indicator most widely used in gaseous mines for detecting 
the presence and approximate amount of combustible gas in the 
mine atmosphere. | 

However, the safety lamp has limitations as a gas indicator, and 
jt is doubtful whether an average observer can detect less than 1 per 
cent of methane, the combustible gas present in mines, with the 
type ordinarily employed. Even a skilled mine inspector with a 
good lamp can seldom discover 0.75 per cent, and never definitely 
detect 0.5 per cent or less. When there is enough methane present 
to be detected with the lamp, the amount may be roughly estimated, 
but these estimates are likely to differ by 0.5 to 1 per cent or more 
from the true value.! 

When there is between 54 and 154 per cent of methane in air an 
explosive mixture is formed; but this is not the only cause of mine 
explosions. Dry coal dust suspended in air is explosive, and coal- 
dust explosions are propagated more rapidly and disastrously when 
gas Js present in proportions much below the explosive limit. The 
amount of gas in mines must, therefore, be kept as low as possible 
by proper ventilation. For safety, the proportion of methane in 
return airways should be kept less than 0.5 per cent. One method 
of checking the condition of a mine as to gas, in addition to the 
common system of “fire bossing’”’ with safety lamps, is to system- 
atically analyze samples of return air currents. Comparison of these 
analyses gives a general daily check on the freedom from gas of 
those portions of the mine ventilated. There is a demand in the 
mining industry for a simple instrument which will quickly deter- 
mine small quantities of methane in mine air with a moderate degree 


1 Paul, J. W., Use and care of miners’ safety lamps: Miners’ Circular 12, Bureau of Mines, 1913, pp. 
11-13. Paul,J W., Isley, L. C., and Gleim, E.J., Flame safety lamps: Bull. 227, Bureau of Mines, 1924, 
pp. 165-197. Cadman, John, and Whalley, E. B., Reports of an inquiry into the ventilation of coal mines, 
and the methods of examining for fire damp: Royal Commission on Mines, London, 1909, p. 63. 
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2 A STUDY OF THE BURRELL INDICATOR 


of accuracy, which is not too expensive and is easily portable, strong. 
and safe. | 

In an effort to meet this demand, the Burrell methane indicator in 
its first form ? was developed at the Pittsburgh experiment station of 
the Bureau of Mines in 1915 by G. A. Burrell, in collaboration with 
G. A. Hulett and O. P. Hood. It was then termed the “Burrell gas 
indicator’”’ or ‘‘gas detector.’’ The writer, assisted by J. J. Mc- 
Kitterick and D. O. Crites, under the general direction of Mr. Burrell 
and of A. C. Fieldner, supervising gas chemist, made improvements 
in the original model. This instrument is now equipped with a 
large gage glass and 4 per cent methane scale; and, having met the 
specifications of Schedule 8A‘ of the bureau, it has been officially 
approved under this schedule. 

Although intended primarily for use in mines, the Burrell indicator 
may be adapted to the analysis of mixtures of air with any other 
single combustible gas or vapor (such as hydrogen or gasoline vapor) 
which is practically insoluble in water, and of which the average 
composition is known. It is used on U. S. Navy submarines to test 
for hydrogen which is liberated by the storage batteries and may 
become dangerous. 

This paper describes the Burrell methane indicator, its principle, 
and operation, gives a few typical results representing numerous 
actual mine tests, and discusses the possible sources of error and the 
effect that errors may have on the accuracy of determinations. 
The use of the indicator for other combustible gases is described, and 
differences are pointed out. Finally, the calibration of the indicator 
is considered both theoretically and experimentally. 
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? Burrell, @. A., Description of a portable gas detector: Jour. Ind. Eng. Chem., vol. 8, 1916, p. 365. 
*Procedure for establishing a list of permissible methane indicutors for mines: Schedule 8A, Bureau of 
Mines, Aug. 25, 1920, 9 pp. 
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A STUDY OF THE BURRELL INDICATOR 3 


THE BUBRELL METHANE INDICATOR 
DESORIPTION AND METHOD OF OPERATION 


A Burrell indieator, attached to an Edison storage battery of the 
type used for miners’ portable electric cap lamps, is shown in Plate 
I, A. Plate I, B, illustrates the method of using the indicator to 
determine the percentage of methane in mine air. Figure 1 is a 
detail section of the indicator. 

The indicator is really a special type of gas-analysis apparatus for 
determining the percentage of methane in air by slow combustion; 
it uses a platinum-wire “glower” at bright yellow heat to burn out 
the gas. In the ordinary apparatus ‘ for gas analysis, the volume of 
the sample of mine air is measured, the methane is burned out of it, 
and the volume of the residual gas is measured. The difference 
between the volume of the sample and that of the residual gas is the 
contraction which has taken place on burning and is twice the volume 
of the methane originally present. Methane burns according to the 
following reaction: 


CH, + 20, Co, (+2 H,O) 

1 volume methane 2 volumes oxygen 1 volume carbon 0 volume water 
(from air) dioxide 
Water condenses at ordinary temperatures to a liquid, and as such 
occupies anegligible volume. From the volume of methane calculated 
from the contraction and the volume of the original sample it is 
easy to calculate the percentage volume of the methane originally 
present. 

The indicator (see Fig. 2) is essentially a U-tube about three- 
fourths filled with water. To make a test the water in the large reser- 
voir is forced up into the valve cup by blowing into therubber tube, and 
when allowed to return to the normal position shown in Figure 2 it 
draws inasampleof mine air throughthevalve. Thelevelof the water, 
therefore, defines the volume of the air sample taken. The valve is 
closed and the methane is burned out of this sample by the hot 
glower. The contraction that results is shown by the new position 
of the water level in the gage glass next to the scale marked 
to read directly in percentage of methane. The instrument is 
designed with definite values for the volume of the gas sample and 
the inside diameter of the gage glass, and these must be correct or 
the indication will not be accurate. While the methane is burning 
the heat causes the volume of the gas to increase, but water is merely 
forced up into the return reservoir and none is lost. ‘Shaking the 
indicator before and after combustion brings the temperature of the 
gases to that of the water and permits them to come to a definite 
state of equilibrium by being either dissolved in or liberated from 


‘ Jones, G. W., The Bureau of Mines Haldane apparatus; its application and instructions for use: Re 
port No. 200-B-70; Bureau of Mines, 1922, 49 pp. Available in mimeographed form. 
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FIGURE 1.—Detail section of Burrell methane 
indicator: a, Handle; b, valve cup; ¢, electric 
switch; d, valve; e, cover; f, glower; g, electric 
contact spring; h, window; i, water level; j, col- 
lar; k, heat-insulating material; J, large reser- 
voir; m, electric cord; n, base; 0, communicat- 
ing passage; p, small reservoir; g, gage-glass 
guard; r, gage glass; s, methane scale; ¢, water 
level; u, return reservoir; v, protecting spring; 
w, rubber tube 
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solution in the water. The scale 
of the indicator was not calculated 
directly from a contraction basis, 
but was made so as to include such 
factors as solubility. 


DIRECTIONS FOR OPERATING THE 
METHANE INDICATOR 


The Burrell methane indicator 
is operated as follows: 


1. Carefully remove the cover (see Fig. 
2), put distilled water in the indicator, 
and adjust the water level to zero of the 
scale. : 

2. Be sure that the glower is in good 
condition. The turns of the filament 
should not be distorted and should be 
evenly spaced. If there is a cap on the 
glower (used as a protection in shipment) 
carefully unscrew it and leave it off. 

3. Replace the cover and test the indi- 
cator to make sure that it is air-tight, by 
closing the valve and blowing into the 
rubber tube. Pinch the tube when the 
water surface is near the bottom of the 
gage glass, and hold it for 15 seconds; 
then release it. If the water does not 
rise again to zero on the scale, the indi- 
cator leaks. The cover probably needs 
to be screwed down tighter. 

4. Select a battery that has been fully 
charged. (With normal charging current, 
full charge is indicated when the potential 
across each of the two cells of the Edison 
battery reaches a value between 1.8 and 
1.9 volts. The potassium hydroxide solu- 
tion in the cells should have a specific 
gravity of about 1.200.) Caution: To 
prevent possible burning out of the 
glower, the battery should not be 
attached to the indicator until at least 
two hours after it has been taken off 
charge. - 

5. Test the electrical contacts of the 
indicator by noting whether the glower 
becomes bright yellow when the switch 
is screwed down. 

6. When ready to make a test for 
methane, see that the water level stands 
at zero when the valveis opened. Then, 
with the valve open about an eighth of a 
turn, blow into the tube until water can 
be seen in the cup of the valve. Close 
the valve to keep the water in this 
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THE BURRELL METHANE INDICATOR 5 


position. (The cup must not overflow, because loss of water will lower the zero 
water level.) 

7. Hold the indicator in the place from which the sample is desired; open the 
valve and allow the gas sample to enter the indicator until the water level comes 
again to zero on the scale. Then close the valve. (If the operator is in a mov- 
ing air current, he should face it when taking a sample.) 

8. Grasp the handle of the indicator with one hand, hold the base with the 
other, and shake the indicator up and down vigorously for one minute. Note 
carefully the position of the water level 
for any correction to be applied to the 
final reading. (That is, if the water is 
one division below the zero level, 0.1 per 
cent should be subtracted from the final 
reading. If the water level is above zero, 
the correction should be added to the 
final reading.) 

9. Close the switch. If the glower does 
not light up at once, shake the instru- 
ment gently from side to side to remove 
any water that may be caught in the 
glower, which must appear bright yellow 
during the entire combustion or the re- 
sults will be too low. 

10. After the glower has burned for 
two minutes, open the switch, grasp the 
handle and base as in (8), and shake the 
indicator up and down vigorously for one 
minute. If any air bubbles are present 
in the gage glass, remove them by first 
blowing into the tube until the water level 
just disappears, and then slowly releasing 
the pressure. Read at once the percentage 
of methane indicated on the scale opposite 
the final position of the water level in the 
glass, correcting it if necessary as noted 
in (8). 


An alternate procedure to obviate 
the necessity of correcting the final 
reading is an advantage if the water 
tends to rise much above the zero 
level when the indicator containing 
the sample is shaken. By this pro- 
cedure the sample is allowed to — "978¥2 Simplified section of indicator 
enter the indicator only to the point where the water level appears 
in about the middle of the gage glass and the valve is quickly closed 
to hold it in this position. The indicator is shaken as in (8), then held 
in the position from which the sample was taken, and the valve 
opened. When the water level has come to zero the valve is closed 
and the directions in (9) and (10) are followed, except that no correc- 


tion of the final reading is necessary. When maximum accuracy 
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6 A STUDY OF THE BURRELL INDICATOR 


is desired, two samples of the same gas mixture should be run 
successively, and the second result taken as the more accurate. 

The first indication obtained with the instrument each day will 
probably be too high (due to the solubility of air in water which has 
stood in the indicator for a number of hours) and should be discarded. 
The inside of the indicator should be rinsed out and the water re- 
placed with fresh distilled water every few months. 

The temperature of the indicator must be approximately that of the 
mine air. If there is reason to believe that the difference is some- 
what more than 2° F., two determinations should be made and the 
first reading discarded. When temperature differences are wide, 
some time should be allowed before determinations are started. A 
determination should be completed at the place where the sample is 
taken, as this helps to avoid temperature changes. When maximum 
accuracy is desired in cold weather, the operator is advised to wear 
gloves to prevent the heat of his hands from being transmitted to the 
instrument. 

The method of shaking the indicator is important. Shaking up 
and down through a distance of about 12 inches twice a second has 
proved most satisfactory. The water in the large reservoir must be 
thoroughly shaken up into the space that contains the gases, but a 
shaking violent enough to throw some water out of the gage glass 
should be avoided. 

In order to test the ability of the operator, determinations may be 
made on room air that contains no combustible gas. 

The glower must be at bright yellow heat for two minutes. All of 
the methane will not burn in a shorter time. If the glower is kept 
hot too long, the indicator is overheated and the battery run down 
unnecessarily. Under especially favorable conditions, 40 determi- 
nations have been made with one fully-charged battery without 
recharging. The battery must supply enough current to keep the 
glower at bright yellow heat during the entire combustion or results 
will be too low. Care must be taken to see that the battery has stood 
“off charge” for several hours before it is used, because an Edison 
cell that has just been removed from the charging apparatus has an 
abnormally high voltage and will be likely to send enough current 
through the glower to burn it out, especially when the samples being 
analyzed contain much combustible gas, as this raises the glower 
temperature. The new switch design shown in Figure 3 (p. 10) and 
better specifications for the glowers, insuring the proper “ hot resist- 
ance,” will avoid the likelihood of this happening. 

The battery should not be left attached to the indicator overnight, 
as the current frequently leaks slightly across the moist contacts 
within the indicator; this leakage will in time exhaust the battery 
unnecessarily. 
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The inside diameter of the gage glass must be correct, and there- 
fore only the glasses supplied by the indicator manufacturer should 
be used. | 

To prevent the indicator being taken apart in places containing 
combustible gas, the top may be sealed on by running a wire through 
two of the holes provided for the purpose, and fastening it with a 
lead seal. Tests by the Bureau of Mines in connection with official 
approval showed that the indicator is strong and safe. The battery 
and the indicator must be properly connected, however, with the 
Same wire grounded on the indicator that is grounded on the battery 
case; otherwise the battery would become discharged if the indicator 
and battery casing were kept in contact with each other. A sample 
of an explosive gas mixture explodes when the glower is turned on, 
but the flame does not escape from the instrument. 

The indicator is intended for analyzing air containing not more 
than 4 per cent of methane, which corresponds to the full-scale indi- 
cation. Mixtures containing gas up to the upper explosive limit 

(15.5 per cent) are readily recognizable because they explode inside the 
instrument. More than this proportion of gas gives low indications 
which are misleading and have no value, but such mixtures will not 
be found if the air analyzed is supporting human respiration. The 
first reading after an explosive mixture has been sampled should be 
discarded. 

The tests for accuracy ‘¢ which the indicator had to meet for approval 


are as follows: 
Tests for accuracy 


: Permissible 

Methane | Minimum | Maximum | error in the 
Bee cent | of methane, of methane, o¢ wethane 

per cent per cent per cent : 

0. 25 0. 10 0. 40 +0, 15 
0. 50 0. 35 0. 65 +0. 15 
1. 00 0. 80 1. 20 +0. 20 
2. 00 1. 80 2. 20 +0. 20 
3. 00 2. 70 3. 30 +0. 30 
4. 00 3. 70 4. 30 +0. 30 


| 


Under favorable conditions an experienced operator can more than 
double this accuracy. Obviously all the results are expressed in 
terms of percentage by volume of the original air sample. 


~ 


ta This paper frequently mentions the amount that any indication is in error. Errors and variations 
are expressed as the difference between the true percentage of the gas present and the percentage found 
by analysis with the indicator, as shown in the above table. Thus if 0.04 per cent methane was actually 
present and the indicator showed 0.98 per cent, the error or the variation between the reading and the true 
value would be said to be +0.04 per cent methane. 
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8 A STUDY OF THE BURRELL INDICATOR 
MINE TESTS WITH THE METHANE INDICATOR 


The methane indicator has been thoroughly tested in mines by 
comparing the results of determinations made with it and accurate 
analyses of samples of the mine air taken at the same time in vacuum 
bottles and later analyzed with the Haldane apparatus * in the 
laboratory. As would be expected, agreement between the results 
for samples taken close to the source of the methane in a mine was not 
as good as the agreement at points where there had been ample 
opportunity for the methane and the air to mix thoroughly. Sudden 
variations could often be traced directly to temporary changes in ven- 
tilation through the removal of brattices or the opening of mine doors. 

Tables 1 and 2 give all the results of tests in two different mines 
and are representative of a large number of tests made by an experi- 
enced operator. Table 3 gives the results obtained with the indicator 
when used to control the amount of Pittsburgh natural gas added to 
the air in the experimental mine of the bureau at Bruceton, Pa., 
where tests of the explosibility of coal dust are made. Each table 
gives all indications obtained during consecutive tests in which gas 
was used, selected at random from the reports for two years. At 
. the experimental mine the indicator was used by different operators. 
A determination was not started and completed at the same place, 
as the instructions specify, but the sample of mine air was taken at 
one place and the indicator carried to the next station while the sam- 
ple was being burned. These tests show the general accuracy obtain- 
able when the Burrell methane indicator is used in actual practice. 


TABLE 1.—Results with methane israel oni with large gove if 8, at Consolida- 
tion Coal Co. mine 43, monongah, Marion County, W. Va., July 11, 1918. 
Mine entered at 7.45 a. m. 


Haldane analysis | Rrror in 


Test : : : Methane 
P: Place in mine Time ————__.————| methane 
No. indicated Methane COs: | indicated 
Per cent | Percent | Per cent | Percent 
1 | No. 2 north return._.._......-....--.-.---- 8.15a.m. OA re Ne ee hl en aes 
Ol Satie vew cn vem eocee thee ahaa ee coke 8.35 a.m. 0. 20 0. 25 a 10 -0.6 
6. (soseesetustessiecoenss cau hwacee cle secceccas 8.52a.m. 05320 lt cdcike en Wee sebeeeclbtneexeees 
Wolter So eat oe ween eee Ae eee dois 9.00 a.m. Oo 8 ihe re Nc st eeceuee 
Ol oote taie Soe Selon seleiad eek oe ees 9.18 a.m. O98 Tc. cote setae dlotauee cas 
Galelawa ce se techie he ena aad 9.30 a.m. 0. 30 0. 32 0.10 —02 
7 | Face No. 7, right butt..............-...---- 10.05a.m. 0 20s eu oe ees 
Be te tuk eden e seaceeceteas sdtebeceete 10.15 a.m. 0. 32 0. 42 0. 05 -0. 10 
O 2 2cc cect ocod aloes 2c eswen cede sata eeeues 10.258. m. 0832 bos sec cc ce) eel ocenk alee 
by Ria nS ng ter Meare ote mI CRE CDSN A, 10.37 a.m. 0. 33 0. 43 0. 05 —0 10 
11 | No. 7right return..........---.-..--.--.---. 11.05a.m. O85 eieic es et ahaa thee 
D2 les evan eee ee testa ana oes eens 11.158. m. 0. 28 0.31 0.10 -0.8 
13 | No. 7right intake.......-..-...--.0- 22222. 11.28 8. m. 0. 22 0.21 0. 08 +H 
14 | Additional air course. _..-.......-.--.- 2-2. 12.00 m. 0.00 Woe te nee eee ee hs 
Dos ioe hase eect ous ast Shas AC ee a 12.10 p.m. 0. 08 0. 00 0.05 —0. 06 
16 | Main slope return............-------------- 12.30 p.m. 0.11 0. 14 0.14 | —0. 
DH seaeoci awe weteceuccscesu selsousveseeesuuceas 12.40 p.m. O10 lestiossvsenliaesee-e se joseereeas® 
Ps a en accel rg se A O(N Ane ee eee Sea 


Average error (disregarding signs) =0.05 per cent methane, 
Maximum error=0.10 per cent methane. 


¢ Jones, G. W., work cited. 
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TaBLe 2.—Results with indicator fitted with large gage glass, at Consolidation Coal 
Co. mine 86, Carolina, Marion County, W. Va., July 12,1918. Mine entered 
at 10 a. m. 


Haldane analysis | Error in 
Test Place In mine Time pares | methane 
. Methane CO: indicated 


rrr a a SS | NSS | ese | area | CERNE | TE 


Per cent | Per ae Percent | Per cent 


1 | Return; No. 1 south face.___.--- 2 eee. 10.05 a.m. . 50 0. 07 —0. 06 
Eset Suse ce Nate Net Se Mn Ah odd Pehla, Sct Lacoste 10.25 a.m. O3 40 Nneecheseel se SN le jee ee 

ki C1 eect aoe En lOO er Am Entec oere Pn ets Oar Tan See Ue nD Pe 10.38 a. m. OAC ie co crcl en cco | oeack sectee 
5G) | eae Ra RRR ART EUs OE SOR Far Ed IND SOA cAI 10.43 a.m. (1 Pei eee Nn Rca MO Ee tn DES ee do Bae 
Don ren aha otc aati e  etae 10.53 a.m. O46 se Sets ot a ON See eee 
hl a tie Bin ae AOI NO es Doh peel eet Ne ee gs 11.05 a.m. 0. 47 0. 52 0. 06 —0. 05 

7 | Right entry; No. 1] south__.---.2-....222-_- 11.35 a.m. 0. 59 0. 61 0. 08 —0. 02 
Be ie che oe sh oa as ye eee le ce Sk 11.43 a.m. O50 oan oe ee ele es 
eis Bele tee ht hee ae Ser nse ee 11.53 a.m. 964s ese ce te nee he 
VO Mesias Sachs pale etre hl a oh Sie enh tate hcl tae ahah aha 12.00 m. OOO ge eral eo eho he A oie 
BD ee Se De Sn ha aie eee testcase ea, 12.08 p.m. ©) 58. )on eee VAN sii ta afi as tA ta 
Mee I ation lee a Nt esas Sait wala 1.05 p.m. OP 60 eek he Seta ole soteeien 
Be eS pte NEN CONE A ee re ME SE ec gt at 1.15 p.m. a. 54 061 0.07 —0. 07 
be, east arpa ieee neers an Ripe apis Oe Oe ten ee eR seca 1.20 p.m. OSA eo le ot ee olbese eas. 
15 | Near face left entry... 2-22-2222 ee 1.35 p.m. ODA oieceeden eae rece eewoscene 
PO Ane errle a eee Gee eta ee cw eke sats 1.42 p.m. 0. 55 0. 60 0. 06 —0. 05 
V7 J. LL. ba tece Sedna staat bane seh erie nie 7 ah De. etree ces wR 1.52 p.m. 0.60 |....____..- Core eae actrees 
Ue oe Beh ot ese eee ie One eee ne sth 2.02 p.m. G.-63- bozos c ek GSN le ena ct NS ea Sar aa hs 
Oe oa ot i Ue ion oe 2 ae pal eke ke wget @2.12p.m. 20. 90 a0. 78 0.15 a+0, 12 
DO Seino sot et dh Satta Pe ante i co ia tigt ee ee Me 2.25 p.m. O68 slice ees occ ose eaeGoseas 
21 | No. 1 south face; right entry ._.....---...-- 2.42 p.m. LO 3 ree fescetsni cle oes ate 
Oe eee gs ees 2.51 p.m. 0.61 0.65 0.07 | <0 04 
Rite cet eee ee eee Oe hte Pease ies 2.59 p.m. SOO1 ncemuecocaeteose oocleuceksoa te 
DA sno ais od IN ae ok ata ate Cate Ma dei a ae Det 8.05 p.m. OBO tec ees Che este 8 ete eee 
DO. ire ti hoiala aud obeald otntus secu ts See eeuc eat t eS 3.17 p.m. 0. 57 0. 50 0. 07 +0 07 
26 sBonnre geneeWaeee erage ect aerenssrarmay ese 3.24 p.m. O67 leet eee oe A ees ~- 


@ Ventilation was temporarily affected at this point because a cloth brattice had been taken down and a 
door inserted in its place. The maximum error occurred here. 


Average error (disregarding signs) 0.06 per cent methane. 
Maximum error =0.12 per cent methane. 


TaBLe 3.—Results with indicator fitted with large gage glass, for analysis of air 
containing natural gas, at the Bureau of Mines experimental mine. (Data copied 
from explosion test sheets) 


| Height of Haldane 
: ; cap on analysis, 
ae Date Place in flame of jee total ee 
de safety hydro- 
lamp carbons 2 
! Inch Per cent | Percent | Per cent 
510 | Apr. 23, 1919..-........---...-22-------- eee E-1300 0.3 1. 16 1. 04 +0. 12 
Abgteie Ono a ees os Se ee eee eee cssec) (AS8SO so 1.10 1.00 +0. 10 
eaced GOs as SSeis desis Coes Sakeawaeceweeekacsze: |) BOO .3 1.08 1. 06 +0. 02 
Aik ct as WAG Se ee Satan Nae ahs g  sca tte ellie aan A-250 .3 1. 00 1.08 —-00 
511 | Apr. 24, 1919............002.000 0.0202 e eee E-1300 | 0.91 0. 93 —0. 02 
eo ae GOs sectecesoeonieet esse wetecce eee 2ess|! -ASbOO .3 0. 88 0. 84 +0. 04 
soe GO as oo oe doeneaue tenes cee eeen| A280 “3 0. 88 0.87| 40.01 
512}... OO: 2s sou se ee ei ee ec pan cee eed E-1300 .3 0. 80 0. 85 —0. 05 
kos 0s ooo tehesliesiveke eee ccutecesveiee ch) ARV .3 0. 79 0. 61 +0. 18 
seeder iavew lot ese ssc ei ee a tose eseulacs A-550 3 0. 90 0. 85 +0. 05 
513 |...2- Osetc lat carota ee ee ose oo eee E-1300 4 1. 62 1. 61 +0. 01 
std a OOo teeedes So ekseds cee eadedeaucsceceucest ASVOO .4 1. 63 1. 59 +0. 04 
ce On2 ics weudet MOUIes Seo ceueee sce tema tex A-550 .4 1. 80 1. 68 +0. 12 
i ap NAO we ae sae a tise eee ee ted tee ale cet A-250 .4 1. 93 1. 82 +0. 11 
672 |’ Mar. 15, 1920... ..-c22222* 2 see ecc ew eect en te E-1300 .3 1.3 1.3 0. 00 
wc SO ie ate Shores Shans a NIN ed ea ice he A-950 .3 1.15 1.19 —0. 04 
ad oOOw ens a seta ead Asin chars te ess iets lk A-550 3 1.15 1, 22 —0. 07 
eeiete dda tC tow es Ae RS ae tel 2 A-250 a | 1.1 1.15 —0. 05 
574 | Mar. 80, 1920...........-...-.2222-2-2-2222-e. E-1300 3 1. 25 1. 30 —0. 05 
valet’ Bcc n co tus ou ie Weel oweocdeee vec oea AST DO 3 1. 20 1. 30 —0. 10 
ee O.o sete teteneteetustecacuuensiieschesl! <SeoU .3 1.15 1. 20 —0. 05 
675 | Mar. 31, 1920...-..-...--------.-------------- E-1300 .4 2.10 2.11 —0. 01 
see GOne he: 6 oc tebe woes cee oO oe hese wa wotes A- 4 2.15 2 28 —0. 13 
Sad PAE Oy 1920. acs acc es wectcet cc eeusteeue E-1300 |.....----- 2. 05 1. 87 +0. 18 
be LO Poe eb oe ow eck ote oohedas Meck ees A-250 }|.... 2. .-. 210 2. 07 +0. 03 
Srp: We Ae 0 ©. gay Ee | 7. | nea nen er on E-1300 3 0. 95 1.06 —0.11 
etensQ@Os. soso bese feces ted Stet ones A-250 3 1. 00 1,10 —0. 10 
S79 | Apr. 9, 190s 6220s bcc ckedccek ese cesetas es E-1300 3 1.05 1.01 +0. 04 
Sawes Oleic tiwn Sows ese Ce aheec ee ewcetes|| 2-250 3 1. 00 1. 04 —0. 04 


a The “total hydrocarbons’’ in Pittsburgh natural gas consist approximately of 90 per cent methane and 
10 per cent ethane. A Burrell indicator accurately calibrated for methano should read slightly high for 
this natural gas; or if calibrated for total hydrocarbons in Pittsburgh natural gas should read slightly low 
when used for pure methane (see p. 11). 
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10 A STUDY OF THE BURRELL INDICATOR 


MODIFICATION OF SWITCH DESIGN OF INDICATOR TO INCREASE LIFE 
OF GLOWER 


The peak voltage of freshly charged batteries is abnormally high, 
and when such batteries are connected to the indicator just after 
being removed from the charging apparatus there is danger of burn- 
ing out the glower, especially when an air sample containing consid- 
erable combustible gas is bemg analyzed. On this account it is 
specified in the instructions for using the indicator that the battery 
should stand off charge for at least two hours before use. Often 
this procedure is inconvenient, and it is proposed that the design 
of the switch be modified to overcome this difficulty. 

This modified switch design is shown diagrammatically in Figure 
3. An auxiliary brass contact-spring and an auxiliary resistance 
wire, marked c and e, have been 
inserted between the contact 
MYe . . = screw a and brass contact d with 

Ny pee Vy Te which the indicator is at present 
(eB = equipped. The contact screw a 

is grounded on the metal frame of 
the instrument, as isthe brassscrew 
1, while the remaining parts of the 
electric circuit shown in black in 
Figure 3 are carefully insulated 
) from the frame. When, therefore, 

Prommad. Moditeineftteoritédeienotiie the contact screw @ is unscrewed 


a, Electric contact screw; 6, spiral spring; c, aux- and does not touch C, the glower 


iliary brass contact spring; ¢d, brass contact; e, : “8 
auxiliary resistance wire; f/, electric cord to bat- circult 1s open and the glower g 


tery; 9, glower; A, glower socket; i, brass screw does not burn. As @ is screwed 

peice down, the spiral spring 6 prevents 
loose action. When a touches ¢, electric contact is made through 
the auxiliary resistance e, which consists of a 3-inch length of double 
cotton-covered B. & S. gage No. 29 manganin wire, resistance 
2.45 ohms per foot, and the glower burns with only a red heat even 
when attached to a freshly charged battery. A 10-second burn in 
this position suffices to remove most of the peak voltage from the 
battery. Then a is screwed completely down, so that contact is 
made between c and d directly, as is shown by the dotted outline in 
Figure 8. This short-circuits the auxiliary resistance and permits 
the glower to come up to its bright yellow heat. The remainder of 
the combustion period is completed with this setting of the switch. 

An experimental indicator was fitted with this device and func- 
tioned satisfactorily, although of course extended usage may bring 
out unforeseen minor difficulties. It may be more satisfactory to 
make the auxiliary brass contact-spring c with the end curled under 


/ 
, 
/ 
4 
; 
Y 
4 
f 
f 
y 
/ 
y 
/ 
( 


-RBBWBWAWBWAWeaewaaase, 


Google 


-_ a. a ame Be a, | 


- a, wii, . . 


* POSSIBLE SOURCES OF ERROR IN TESTING ll 


slightly in such a way as to scrape against the brass piece d, making 
the final contact “‘self-brightening.”’ 

Some new glowers on the market have had such a low electrical 
resistance when hot that they tended to burn out at ordinary battery 
voltage. Such glowers are defective, and even the use of the auxil- 
lary resistance can not be expected to make them satisfactory. 


POSSIBLE SOURCES OF ERROR IN TESTING 


The factors that might influence the accuracy of the indicator 
are discussed in detail under the following heads: 1, Dimensions 
and details of the indicator; 2, temperature changes; 3, solubility of 
gases in the water of the indicator; and 4, battery voltage. It may 
seem that consideration of some of these could be eliminated by 
slight changes in the design or operation of the indicator, but this 
has not proved possible. 

Some of the tests were made in the laboratory by using the indi- 
cator to analyze gaseous mixtures that were confined over water in a 
large aspirator bottle so arranged that samples could be easily with- 
drawn. Other mixtures were made up in a small testing gallery 
(an iron box 18 by 18 by 24 inches) and sampled from that. Some 
tests were made in a room containing the gas mixture, within which 
the operator worked as he would in a mine. Accurate analyses of 
the gas mixtures were made on a Haldane-type gas-analysis appara- 
tus.° Pittsburgh natural gas, which, as previously stated, contains 
about 90 per cent of methane, was used in place of pure methane in 
most of the tests; and for comparison with the readings which the 
indicator would give with pure methane, the analyses with the 
Haldane apparatus were calculated te ‘‘equivalent methane” by 
dividing the contraction obtained on combustion by 2. In this way 
the results of analysis of natural-gas mixtures used as a substitute 
for methane were interpreted more correctly than by the procedure of 
simply applying the term ‘‘per cent methane” to the percentage of 
total hydrocarbons present (90 per cent CH,+10 per cent C,H,) as 
has sometimes been done in the past (see p. 34). Mine “gas” is 
practically pure methane. 


DIMENSIONS AND DETAILS OF THE INDICATOR 


The indicator is designed to take a 31-c. c. gas sample, a value 
more or less arbitrarily chosen. Variations from this volume, which 
may be caused by having the water at the wrong level in the instru- 
ment or by inaccuracies in the manufacture of individual indicators, 
will cause errors in the indications; and these errors will, in general, 
be proportional to the amount of methane which is present in the 
gas sample. Assume that, due to this cause, a maximum error of 


* Jones, GQ. W., work cited. 
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12 A STUDY OF THE BURRELL INDICATOR ‘° 


+0.10 per cent of methane is permissible with a 4 per cent sample. 
This will correspond to an error of +0.05 per cent of methane with 
a 2 per cent methane sample, and so on. The corresponding error 
in the sample volume of the indicator is approximately: 

+0.10 

00 *31= +0.8 c. ¢. 
The volume of the gas sample taken should therefore be 31.0 c. c. 
+0.8 ce. c. The inside diameter of the collar in the indicator is ?.2 
cm., and therefore an accidental displacement of 1 mm. in the water 
level will change the sample volume +0.4 ¢. c., which is within the 
allowable tolerance. 

The gage glass is standardized at 5.6 mm., +0.1 mm. inside di- 
ameter. Experimentally it was found that with a gage glass of 5.6 
mm. internal diameter, analysis of an air sample containing 4 per 
cent of methane gives sn indication equal to approximately 10.0 cm. 
on the scale between zero and the reading. This would correspond 
to a contraction of the sample equal to the volume within the 10.0 
cm. of gage glass—that is, 2.46 c.c.? For a gage glass of 5.7 mm. 
internal diameter, which is just allowable, the corresponding volume 
is 2.55 c. c., and the difference of 0.09 c. c. introduces an error of 
eae X 4.00 per cent=0.15 per cent methane. Like the error due to 
an incorrect sample volume, this error decreases when samples con- 
taining less methane are analyzed. 

For some of the tests the indicator was fitted with a smaller gage 
glass of 3.96 mm. inside diameter, with a corresponding scale marked 
for a maximum indication of about 2 per cent, and subdivisions repre- 
senting 0.05 per cent methane. However, the general accuracy 
which can be obtained with the methane indicator does not warrant 
the accuracy implied by the divisions of this scale; therefore official 
approval does not at present include this equipment, although it may 
sometimes be advantageous. The procedure for a determination with 
the indicator when fitted with the smaller glass is the same as for 
the permissible instrument, except that the indicator is only filled 
with water to the point marked ‘W. L.”’ (water level) on the scale, 
corresponding to the 0.1 per cent of methane division, and the water 
level is allowed to come to this point instead of to zero at the start 
of a determination. When no methane is present, the heat from the 
glower causcs the water level in the gage glass to rise from this 
point to the 0.0 per cent methane mark on the scale, which is an ap- 
preciable distance from the original water level. 


7 Experimental determination of the volume of water delivered by gage glasses of different dialneters 
showed that the diameter of the gage glass calculated from the water delivered is only 0.01 mm. less than 
that obtained by direct measurement. In other words, the quantity of water normally adhering to the 


walls of the glass tube is negligible fur this work. 
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The glower filament is a 1-inch length of No. 38 B. & S. gage 
platinum wire (0.0040 inch in diameter), coiled by winding on a 
0.04-inch mandril. The ends of the wire are soldered to terminals 
on a small screw plug, which makes the electrical contact. The coils 
of the filament should be evenly spaced about three sixty-fourths 
inch apart and curved out a little between the terminals. Under 
these conditions a fully charged battery will supply enough current 
for many determinations. Resistance tests of 50 satisfactory glowers 
gave an average cold resistance of 0.56 ohm (the maximum and 
minimum values being 0.60 and 0.52 ohm) and an average hot re- 
sistance with 2.5 volts applied of 1.63 ohms (the maximum and 
minimum values being 1.80 and 1.54 ohms), the ratio of hot to cold 
resistance being therefore about 3 to 1. When made up as described, 
the glowers from one lot of platinum wire were uniform enough to 
give satisfactory results. A different lot of platinum wire was used 
recently and glowers were found to have too low a resistance, which 
caused them to burn out easily. Probably a new specification based 
on the amount of current required to bring the glower to a specified 
high temperature would be more satisfactory than simply cutting a 
definite length of wire. 

The filament is fragile, and when the indicator is taken apart the 
glower must be handled gently to keep it in the necessary good condi- 
tion. If it is bent it may be straightened by careful application of a 
needle. Glowers are shipped with a protecting cap on them, which 
should be removed. 

Distilled water should be used in the indicator, because its low 
conductivity prevents appreciable short circuiting of the electrical 
parts. This water should be replaced every few months to prevent 
the accumulation of products of corrosion and dirt. Sometimes 
erratic results are due to dirt which has partly clogged the com- 
municating passage between the large and small reservoirs. 


TEMPERATURE CHANGES 


Determinations will be in error if the temperature of the residual 
gases in the indicator after the final shaking is appreciably different 
from the temperature of the sample when the inlet valve was closed. 
Since shaking for one minute both before and after the burning of 
the methane brings the samples and the residual gases to the temper- 
ature of the water in the indicator, the change in the temperature of 
the water is obviously the controlling factor. Calculation shows 
that a change of 1° C. at a working temperature of 10° C. will make 
the reading for methane in error by approximately 0.17 per cent 
methane. Therefore even small changes in the temperature of the 
water will introduce relatively large errors in the analyses. 

Te eT ea eee peter oe 100.35 per cent. Approximately half ofthe change 
in the volume of the sample is indicated as per cent methane on the scale. 


97379°—25t——3 
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14 A STUDY OF THE BURRELL INDICATOR 


If the temperature of the water in the indicator is different from 
that of the air, it will tend to approach the air temperature at a rate 
that will depend on the difference between the two temperatures, 
the velocity of the air current, whether or not the indicator is being 
shaken, and so on. Therefore, from heating and cooling curves 
determined for the indicator by putting cold or hot water in it and 
determining the rate at which its temperature changes under dif- 
ferent conditions, it is possible to calculate how the indications will 
be affected by temperature differences. 

Heating and cooling curves were made in this way for two different 
methane indicators. The form of these curves may be expressed by 
the exponential equation: 


T1— Tr=(T'1—T’x) e ~* 


where 7; and Tz represent the temperatures of the indicator and 
the room respectively after a time, ¢; J’: and T’s are these tempera- 
tures at the start of the experiment—that is, when ¢=0; e is the 
base of natural logarithms, namely, 2.718; and k& is a constant under 
a definite set of conditions. Taking logarithms to the base e of this 
equation gives log, (T:— Tz) = —kt+constant, and if log, (7:—T:) 
is plotted against the time ¢, a straight line of slope —k is obtained. 
Such straight lines were plotted from the experimental data, and the 
value of k was obtained from them. These values, which appear 
below, were obtained by putting cold or hot water in the indicator 
and measuring the rate of change of temperature under the condi- 
tions noted. Temperature was measured in degrees centigrade, and 
time in minutes. 
Values of k for two indicators 


Indicator number cee on eee eae oh cee eee see ees 192 340 
Value of k 

Hanging motionless in still air (cooling)_....--...------------ 0.014 QO. O16 

Hanging motionless in still air (heating)......-....---.-------- 0.014 .....-. 


Hanging motionless in air moving at 200 feet a minute (cooling). 0.040 Q 035 
Hanging motionless in air moving at 400 feet a minute (cooling). 0.057 Q. 049 
Shaking about once a second in still air (cooling)_-__.--.-.----- 0.0388  ..._-- 
Shaking about once a second in still air (heating).-..--------- 0.052 _..... 


The physical significance of the constant k is seen by differentiating 
the original equation, which gives: 


d (T:1—Tr) 


The bracketed quantity is the difference in temperature between the 
indicator and the room air at any instant; therefore the time rate of 
change of the difference in temperature between the indicator and 
the air is a constant fraction of the instantaneous difference in tem- 
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perature. If it be assumed, fur simple calculation, that in a short 
time the change of temperature is so small as only to alter the dif- 
ference in temperature by a negligible fraction of its total value, 
then under these conditions the amount which the temperature 
changes per minute may be calculated by multiplying k& by the dif- 
ference in temperature between the indicator and the air. Thus if 
i: -= 0.014, and the difference between the temperature of the indica- 
tor and the air is 15° C., the instantaneous rate of cooling or heating 
at this temperature is 15x0.014=0.21° C. a minute. For the 
same value of k and a temperature difference of 5° C., the rate is 
similarly found to be 0.07° C., a minute. At definite temperatures 
the rate of temperature change under different conditions will vary 
directly as the different values of k. 

Experimental values in the foregoing tabulation show that when 
the indicator is suspended in air the value of & is independent of 
whether the indicator is heating or cooling within the small tem- 
perature range that is important in this work. When, however, 
the indicator is being shaken, its base is held in one hand, and the 
warmth of the hand tends to make it heat more rapidly than it cools. 
This results in different values of k between these latter heating 
and cooling curves. 

On the basis of the data given, the difference in temperature be- 
tween the indicator and the air which will introduce a variation of 
+0.1 per cent of methane in the indications can be approximated 
easily. This variation will be constant throughout the range of the 
indicator and will be superimposed on errors from other causes. 
Compensation for the change in temperature, while the indicator 
containing the gas sample is first being shaken, is made either by 
correcting the final reading or by bringing the water level to zero 
just before the gas is burned (the additional amount of sample taken 
is so small as to have a negligible effect), and therefore it is only 
necessary to consider the temperature change taking place during 
the burning and the final shaking. For simplicity in calculating the 
actual slight temperature change, the assumption will be made that 
the difference in temperature between the indicator and the room 
remains constant during the three minutes covered by the calculation. 

The cross section of the gage glass is 0.246 sq. cm. and therefore 
0.10 per cent methane, which is 2.5 mm. on the scale, corresponds 
to 0.062 c.c. within the gage glass. The difference in temperature 
to cause this change in a 3l1-c.c. gas sample at a mean temperature 
of, say, 20° C. is 

293 (0.062) 


31.00. 0.58° C, 
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Let &, be the value of the constant durmg the burning, and &, the 
value during the shaking. | 

Then 2 4, (7,—Ta2) is the approximate change in temperature 
during the burning, and ks (7,-7.2) is the approximate change in 
emperature during the shaking. 


2k, (T1—Tr) +h. (11— Tr) =0.58° C. 
q 4 0.58 
Fe Ta Ok a ke 
Solving by substituting suitable values for k, and k, previously given, 
this equation gives the following results: 


Approximate differences in temperature between the indicator and the air, which 
will theoretically cause an error of £0.10 per cent methane in the indication 


es 


Air velocity Difference in temperature SC .4 
SO Wit se cee ek Bhd ors tie Anas Site he thes ee ee Chan +8. 5 —7.1 
200 feet a minute____.-.2 222 eee eee +5. 1 —4.5 
100 POGUE MNMNVes 2 oe ee to te a Le sete eer +4.0 —3.5 


a+ shows that the indicator is at a higher temperature than the air; — shows that the indicator is at 
a lower temperature than the air. 

experimentally it is hard to check these values because of the 
difficulty of obtaining and measuring definite temperature differ- 
ences satisfactorily, and because of the effect of other factors that 
change with the temperature—such as the solubility of the carbon 
dioxide formed by the combustion. These effects are discussed later. 
Experimental evidence indicates that the figures just given are of 
the proper order of magnitude, but are perhaps somewhat high when 
other variables are also considered. In general, smaller differences 
of temperature are allowable when the temperature of the indicator 
is below that of the air than when the reverse is true. In cold 
weather it is often advantageous partly to neutralize this difference 
by wearing gloves in order to prevent the heat of the hands from 
increasing the temperature of the indicator measurably during a 
determination. 

In conclusion, the indicator is sensitive to changes of temperature, 
and for aecurate work its temperature should be practically that of 
the surrounding air. The glower adds a definite amount of heat to 
the water, and this is enough to raise the temperature of the system 
about 0.58° C. during each determination mnvolving a two-minute 
burn. The expansion corresponds to about 0.1 per cent methane on 
the scale, but was neelected in the construction of the scale with 
which the permissiblo indicator is now equipped. The slight rise of 
water in the gaze glass when a sample of pure air is analyzed is due 
to this. It was originally thought that perhaps when a number of 
determinations were made in rapid succession the glower would 
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heat the water enough to give erroneous results, but tests show 
that the indicator is not insulated sufficiently to cause this trouble. 


SOLUBILITY OF GASES IN THE WATER OF THE INDICATOR 


The indicator is shaken when it contains the gas sample and when 
it contains the residual gas, and most of the water in it is always 
brought to equilibrium with the various gases that may be present. 
The solubilities of the different combustible gases fur which the in- 
dicator is used at present, and for carbon dioxide, oxygen, and nitro- 
gen (from air), are given in Table 4. The temperatures 10° and 
25° C. are considered to represent two different conditions of opera- 
tion which the indicator should meet in mines and laboratories. 


TABLE 4.—Solubility of various gases in water ¢ 


Temperature, 10°C. Temperature, 11° C. | Temperature, 25° C. 


| Ss a | S 
ene ae eee | ee 

Methan@e22 oe eee eee: ONG a Ment sre slots at act ete eee 0.02006 |... 222.2. 
Hydrogen................----.--- 2. ee. 0.01055 (0002 Gee Hecke atta SP cad 0. 01754 eae 
THOR ATO ohh a A co Pei elle oe aie, 0. O12 0. 013 

Gasoline vapor. ...........-.-. Nicos | crap Sat Nt Ses Po tthe aes Peat ctya este ct With on Da Be corn, 0. O17 0. O14 
Carbon dioxide........2..2.02220200220-2..-- 1. 194 1. 23% 1. 154 1.201 | O 759 0. S20 
RY ROU sete ee coe eee ened eee 0. (S02 OSU lets ehh Se eee es 0. 02831: 0. 0809 
Nitrogen soso osa5eg ce nce cheat see cene tous Oo0UIbR?- 20,0208. oe cue Wo ee ase cas 0.01504 | 0. 0164 
| Goenka on en AAS CE On ee eae 0. O22t |. 2. ! a Aha cee ia | ewe 0. 01724 | Be ae 


@ The data for gasoline vapor were obtained especially for this work. (See Milligan, L.H., Solubility 
bed line (hexane and heptane) in water at 25° C., Jour. Phys. Cheim., vol. 28, 1824, pp. 494-497). The 
ues for a for the other gases were taken from Van ‘Nostrand’s (Olsen) Chemical A anual 1922, pp. 140-143, 
which gives the results of determinations made by Winkler and by Bohr and Bock. The values for S 
were calculated from those for a. 


ais the volume of the gas when reduced to N. T. P. which will be dissolved by 1 ¢. ec. of water at the 
indicated temperature and at 760 mm. pressure of the gas. Sis the volume of this same amount of gas at 
the temperature of the experiment and at 760 mm. pressure. 


For gasoline vapor the condition represented by these definitions of a and S can not exuctly exist be- 
SpaIclents Gans Reve Tce eo cll eee Tule eaiek Tone he cme crn site 
used in calculations involving the lower vapor pressures which are experimentally obtainable. 

Methane is only slightly soluble in water; but the volume of the 
water in the indicator is large compared with the volume of the gas 
sample, and calculations show that appreciable amounts of methane 
are dissolved. Thesolubility of methane in water at constant temper- 
ature follows Henry’s law, that the solubility of a gas is proportional to 
its partial pressure in the gas mixture. Since this is the case, the 
amount of methane which is dissolved by the water will be propor- 
tional to the amount which is present in the air and experimental 
calibration of the indicator will approximately correct for this factor 
because the gas sample is brought to equilibrium with the water by 
shaking for one minute each time before combustion. 

The maximum amount of methane which can be read on the indi- 
cator—4 per cent—corresponds to a 3l-c. ¢. sample containing 1.24 
c.c. of methane. The amount of methane which will be dissolved 
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from a sample of air containing 4 per cent of methane when shaken 
in the indicator is calculated as follows: 


Let Cg be the concentration of methane in the gas phase at equilibrium, expressed 
as c. c. of methane per c. c. of gas at a total pressure of 760 mm. 
Cy be the concentration of methane in the water phase at equilibrium. 
expressed as c. c. of methane per c. c. of water. 
Vg be the volume of the methane in the gas phase. 
Vw be the volume of the methane in the water phase. 
V; be the total volume of the methane. 


Then: fat Vu=Ve. 
1 
and Ce m 
Cg a 


The volume of water in the large reservoir is 140 c. c., but when the indicator 
is shaken for one minute, a certain amount of diffusion takes place between the 
large and the small reservoirs, and this increases the effective volume of water 
exposed to the gas sample. The amount of this diffusion was quantitatively 
determined by putting pure water in the small reservoir and a colored aqueous 
solution in the large reservoir. The indicator was shaken for one minute as usual 
and then the intensity of the color of the solutions in the two reservoirs was com- 
pared in a colorimeter; it was found that the solution in the small reservoir was 
just 50 per cent as concentrated as that in the large one. Since the small reservoir 
and gage glass contain a total of 50 c. c. of water, the effective volume of the 
water exposed to the gases is 140 c. c.+25c. ¢., or 165. ¢. 


Therefore: 

Vw 

165 2 

Ve =S (2) 

31.0-—V, 
Solving equations (1) and (2) for a 4 per cent methane 
sample: At 10° C. At 25° C. 

V. = Vol. methane dissolved in water._..._.---------- 0.233 ¢c.c. 0. 185c. c¢. 
V,=Vol. methane in gas phase.._...-.-.------------ 1.007 c.c. 1.055c¢.¢. 


The effect of the solubility of methane at different temperatures 
on the calibration of the indicator can only be quantitatively dis- 
cussed in connection with other factors, and such a discussion is given 
in the section on the calibration of the indicator. 

Shaking the indicator after combustion again brings about gaseous 
equilibrium, and most of the methane which was dissolved in the 
water will pass into the residual gases and beremoved. However, if 
a sample high in methane is analyzed, and then immediately a sample 
low in methane, the second analysis will be slightly high due to the 
small amount of methane which remained in the water even after the 
final shaking of the first test, and which passed into the low sample 
when the indicator was shaken with it before combustion. Quanti- 
tatively, this is found to correspond to an indication of 0.13 per cent 
of methane on the scale when a determination on a 4 per cent 
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methane sample is followed directly by one on pure air. The cal- 
culation is as follows: 

At 10° C., 0.233 c. c. of methane dissolves in the water of the indicator at the 
beginning of the determination. After the final reading 0.047 c. c. remains dis- 
solved in the water, as will be shown in the calculation of the theoretical calibra- 
tion. When another sample is taken, the 50 c. c. of water contained in the small 
reservoir is mixed with that in the large reservoir, and the dissolved methane is 


distributed throughout the total volume. If the gas sample is pure air, it will 


remnove ee x FG X 0.047 = 0.033 c. c. of the dissolved methane. Since 1.007 


c. c. of methane represents a 4 per cent methane sample when burned in the 
indicator, 0.033 ¢c. c. will give an indication of 0.13 per cent methane. 

Similarly, the first reading obtained for a sample high in methane, 
with an indicator that has just been used for pure air or for low sam- 
ples, will be shghtly lower than later readings, because there is no 
methane in the water, and slightly more will therefore be dissolved 
from the sample. 

These small variations are less when the indicator is used at higher 
temperatures, and only occur under the special conditions which 
have been described. They may be practically eliminated by making 
two or more consecutive determinations on the same gas mixture 
and discarding the first reading. 

When the carbon dioxide produced by combustion of methane 
dissolves in water, equilibrium results according to the following 
reactions: 

CO, gas= Dissolved COQ;. 

Dissolved CO;— Undissociated H,CQs. 

Undissociated H,CO,— H++ (HCO,)-—=2H+ +CO,.- 
However, these reactions rapidly come to a true reversible equili- 
brium, and at the comparatively low partial pressures in the indicator 
the solubility follows Henry’s 
law. At constant temperature Ows}-—-———---— ------——-— 
this is expressed by astraight- Cw}--—-—----—---------5 
line graph like Figure 4, which heen aie ee Saleen 
may be applied to the action of 
the methane indicator. 

Suppose that fresh water is 
put into the indicator, and that _ 
asample of methane-airmixture "> sacra eee 


am : . : dioxide in the 
containing no carbon dioxideis © Cg; Caz Ces 


analyzed. If the curve in Fig- Fiacure 4.—Henry’s law applied to the indicator for 
ure 4 represents Henry’s law for eee 

the temperature at which the work is being done, then after the shak- 
ing following the combustion, equilibrium will be represented by the 
point A, with the corresponding concentrations C,,, and C,,. Sup- 
pose now that a number of samples high in methane are analyzed, 
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and the concentration of the carbon dioxide in the water rises: 
then suppose that the first methane-air mixture be again analyzed 
and that after shaking the indicator with the sample, equilibrium is 
represented by the point B. This sample is burned and the indicator 
is shaken. ‘The carbon dioxide thus added equals that which was 
added originally and distributes itself in exactly the same way between 
the gus and the water phases, causing an increase in the concentration 
of the carbon dioxide in the gas phase from C,, to C,, and in the 
water phase from C,, to C,,. It is thus evident that calibration of 
the indicator at a given temperature is independent of the amount 
of carbon dioxide dissolved in the water. 

When, however, the indicator is calibrated at one temperature and 
used at another, the different solubilities of carbon dioxide at the 
two temperatures have an effect which is included in the calculations 
(p. 2S) for the theoretical calibration of the indicator. 

When the effect of temperature changes was discussed, calculations 
were made for an allowable temperature change of 0.58° C. during a 
determination between the beginning of the combustion and the 
final reading, and the question now arises as to whether such a 
temperature change will ever cause the water in the indicator to 
liberate or absorb enough carbon dioxide in excess of that which is 
corrected for in the calibration to affect the results of analysis appre- 
clably. This will be important only when gas samples containing 
large amounts of CO, are analyzed. A calculation was made of the 
volume change due to such absorption of carbon dioxide between 
10.58° and 10.00° C. for a sample containing approximately 14 per 
eent of CO,, which is probably a much higher figure than ever will 
actually be obtained. The result was converted to terms of the scale 
which indicates percentage of methane, and it was found that the 
corresponding error appears as 0.02 per cent methane on the scale. 
For smaller temperature change during a determination, or at a 
higher temperature or lower partial pressure of carbon dioxide, this 
error will be less. The calculation is as follows: 

With a nomenclature for carbon dioxide similar to that for methane, and with 


Vu, Cg, and S as constants at 10.00° C., and V'», C’g, and S’ as the constants 
ul 10.5 58° C., then the equilibrium equations are: 


Vie Ve p= w)S 


At 10.00° C.: 165 — 31 
~O : Ve wo (V 1 Ve)! 
At 10.58° C.: 165 ~—«O3 


Assume that an air sample free from methane but containing 14 per cent CO; 
is analyzed, and that the temperature drops from 10.58°C. to 10.00°C, during 
the determination. Then these two equations may be combined and written: 


165S V, 165S'V; 


31+1658 3141659’ 
Substituting the appropriate constants and solving: 

Vo —V' we =0.009 ec. ¢. 
This corresponds to an indication of 0.02 per cent of methane on the scale. 


CO, absorbed by the water=Viy— V' y=. 
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If the original sample contains carbon dioxide, it will be brought 
to equilibrium with the water by the preliminary shaking. There- 
fore the direct contraction due to its solubility will not affect the 
results; but the dissolved inert carbon dioxide will be replaced by 
air containing methane if the water level is adjusted to zero, and 
this will make the reading slightly high. As a probable maximum 
it may be calculated that carbon dioxide representing 2 per cent of 
the sample is dissolved in the water of the indicator from the sample 
during the preliminary shaking. If such a sample is releveled 
before burning and the sample contains 4 per cent of methane, the 
indication will be in error by +0.08 per cent of methane, because 
the 2 per cent of inert gas which was dissolved was replaced by air 
containing 4 per cent of methane. For smaller methane percentages 
the error from this cause will be less. Similarly, when an amount 
of carbon dioxide has been dissolved in the water of the indicator 
the reading for a sample rich in methane will be low by that same 
amount because carbon dioxide will come out of solution and pre- 
vent a full 31-c. c. sample of the gas from being taken. 

Icxperiments confirmed the conclusion that at constant tempera- 
ture thy amount of carbon dioxide dissolved in the water does not 
affect the indication appreciably. Gasoline vapor mixed with air 
was used for these tests because its combustion produces a larger 
amount of carbon dioxide than does the same amount of methane 
and any error introduced will be more rapidly cumulative. Accurate 
analysis with the Haldane apparatus of the special gas mixture used 
for this experiment showed that it contained 1.27 per cent of gaso- 
line vapor and 0.07 per cent of carbon dioxide, and when burned 
produced 5.66 per cent of carbon dioxide, calculated on the basis 
of the original sample. 

A series of consecutive analysis of this mixture was made with 
the indicator, and after every other determination the residual 
gases were transferred to a Haldane apparatus and the carbon 
dioxide determined. The carbon dioxide content was interpolated 
for the intermediate residual gas samples, and the increased amount 
of carbon dioxide dissolved in the water of the indicator after each 
determination was calculated by taking the difference between the 
total amount of carbon dioxide known to be produced by the com- 
bustion and that found by analysis of the residual gas. The total 
volume of carbon dioxide remaining dissolved in the water of the 
indicator at the end of each determination was calculated and is 
plotted in Figure 5, with the indications obtained. 

When the indicator is in use, the water is saturated with dissolved 
air, but after it has stood quietly for several hours the dissolved 
oxygen is removed by electrochemical action on the metals of which 
the indicator is made; then if pure air is sampled and the indicator 


Google 


°9 A STUDY OF THE BURRELL INDICATOR 


is shaken, a contraction will be registered on the scale because 
oxygen from the sample dissolves in the water to replace that pre- 
viously removed by electrochemical action. This has been proved 
by testing room air with indicators that originally contained freshly 
aerated distilled water, but had stood for varying periods. It can 
be theoretically shown that this contraction may correspond to as 
much as 1.25 per cent on the methane scale, and during experiments 


contractions corresponding to 0.92 per cent have been observed. 
Fortunately, however, this apparent error is practically eliminated 


in the operation of the indicator. 


If shaking the indicator with 


the gas sample for one minute before combustion brought about 
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DETERMINATION NUMBER 


FIGURE 5.—Curves showing that the carbon dioxidecontent 
of the water in the indicator does not affect the readings 
appreciably. Plots of the total dissolved volume of 
carbon dioxide and the corresponding indications for a 
series of consecutive determinations made with a sample 
of air containing gasoline vapor 


equilibrium between the oxy- 
gen in the gas and the oxygen 
dissolved in the water, practi- 
cally no error would be invol- 
ved even in the first determi- 
nation made each day. But 
in this case equilibrium is not 
reached so rapidly with all the 
water in the indicator, and 
the residual effect that occurs 
during the final shaking may 
cause the first indication to 
be high by perhaps as much 
as 0.2 per cent of methane. 
The first reading each day 
should therefore be discarded. 
Other readings are not appre- 
ciably affected. 

The air contains oxygen 
and nitrogen and the partial 
pressures of these gases change 
during a combustion because 


part of the oxygen is removed by combination with the carbon 


and hydrogen of the methane. 


However, the changes of partial 


pressure are proportional to the amount of methane present, and the 
experimental calibration of the indicator corrects for this factor. 


BATTERY VOLTAGE 


To heat the glower hot enough to burn the methane completely out 


of a sample of air in two minutes, the battery voltage must exceed a 
certain minimum value. Experiments to determine this value, which 
were made with air samples moderately high in methane, showed that 
the indication was constant when the drop in potential through the 
glower circuit between the ends of the indicator cord exceeded 2.3 
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volts. (See Fig. 8, p. 26.) A freshly charged Edison M-8 battery, 
as used with the indicator, has an abnormally high peak voltage 
which may exceed 3 volts when the battery is removed from the 
charging apparatus. If used then for the analysis of air samples 
containing considerable methane, the glower is likely to burn out. 
After the battery stands two hours or more, much of this excess 
voltage has gone; therefore only such batteries should be used. 

Ten new Edison M-8 batteries were conditioned by charging and 
discharging them five successive times. They were then fully 
charged and allowed to stand two hours. Each battery was attached 
to an indicator and the glowers were burned 2 minutes out of every 
15, the voltage at the battery end of the indicator cord being 
read just after the glower was turned on and again just before it was 
turned off. Figure 6 gives the average discharge curves thus ob- 
tained; and no one battery deviated greatly from the average. 


VOLTAGE AT BATTERY 
END OF INDICATOR CORD 


FIGURE 6.—Average discharge curves of 10 Edison M-8 batteries used with Burrell methane indicator 
for 2 minutes in every 15: a, Just after switch was closed; }, just before switch was opened 
Evidently, under the most favorable conditions 40 determinations 
can be obtained with an indicator before the battery needs recharg- 
ing. When the voltage maintained at the end of the indicator cord 
is less than 2.3 volts during the burning, methane combustion is in- 

complete. 

Some have thought that the indicator could be used in parallel 
with an electric cap lamp, but this is not satisfactory, because the 
voltage rapidly falls below 2.3 volts when both devices are attached 
to one battery and then accurate results are not obtained with the 
indicator. The development of batteries of larger capacity may 
make this scheme possible, but official approval has not been extended 
to cover it as yet. 


USE FOR COMBUSTIBLE GASES OTHER THAN METHANE 


As stated before and as is well known, the Burrell indicator was 
originally designed for determining methane in mine air but can be 
used advantageously for any other single combustible gas or vapor 
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present in air in proportions below the explosive limit, if the gas or 
vapor is practically insoluble in water, is true for as small quantities 
of hydrogen or the vapor of petroleum hydrocarbons. Hydrogen is 
generated by the storage batteries of submarines, and frequent 
analysis of the air in such vessels is essential for detecting accumu- 
lations in time to prevent explosions. Around oil refineries, inside 
empty oil storage-tanks which must be welded, and in sewers there 
may be dangerous accumulations of the vapor of petroleum hydrv- 
carbons. 

When the indicator is used to analyze for one of these gases, their 
different properties make it necessary to respecify the time of com- 
bustion and the minimum battery voltage required. At present, 
scales for the indicator reading in terms of hydrogen, gasoline vapor, 
or fucl-oil vapor may be purchased from the manufacturer. In 
view of the facts discussed later, changes in certain of these scales 
will probably be advantageous. 


HYDROGEN 


I{ydrogen burns according to the reaction: 


2 H,+0,=2 H,0 
2 volumes hydrogen +1 volume oxygen =0 volume water 
Contraction =1} times volume of hydrogen 

Values of contraction on burning which are calculated from chemi- 
cal equations apply to the contraction in an accurate gas-analysis 
apparatus and not to the actual contraction in the indicator, because 
the latter is modified by factors which have been discussed in detail 
for methane. 

When hydrogen is being determined, the operation of the indicator 
is similar to that for methane, except that hydrogen is completely 
burned in one minute and much lower battery voltages, corresponding 
only to a good red heat for the glower, are satisfactory. These facts 
are shown graphically in Figures 7 and 8, in which each curve repre- 
sents a series of analyses of one gaseous mixture. 

From Figure 7, in which the period of burning was the only variable, 
it is seen that hydrogen is completely burned in one minute, that 
methane requires two minutes, and that gasoline vapor requires four 
minutes for complete combustion. The hot glower wire produces 
different temperatures throughout the gas space which set up rapid 
convection currents; but these alone can not bring all the gas mole- 
cules into contact with the wire. The amount of time required i 
the tests of the three gases apparently depends mainly upon the rate 
of diffusion of the gases. Since hydrogen is the lightest gas, it diffuses 
most rapidly to the hot wire, at the surface of which it unites with 
the exvgen; therefore the combustion of hydrogen requires the least 
time. 
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The set of experiments from which the curves of Figure 8 were 
plotted were alike, except that the time of burning was kept constant 
at one minute for hydrogen, two minutes for methane, and four 
minutes for gasoline vapor, and the voltage applied to the end of the 
electric cord was varied. These curves show that hydrogen is burned 
completely at much lower battery voltages (lower glower tempera- 
tures) than either gasoline vapor or methane. The minimum 
satisfactory voltages measured while the glower is burning are 
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INDICATION, CENTIMETERS 
FiGuRE 7.—Curves showing the effect of varying time of burning when using the Indicator for the analysis 
of mixtures of different combustible gases with air. Thee. im. f. applied to the end of the indicator cord 
during the burning was 2.3 volts. The straight portions of the curves represent practically complete 
combustion 
approximately 1.5 for hydrogen, 1.8 for gasoline vapor, and 2.2 to 
2.3 for methane. Under these circumstances catalysis at the hot 
platinum surface may be one of the controlling factors. 


GASOLINE AND OTHER VAPORS 


Gasoline vapor and vapors from such other petroleum hydrocarbons 
as kerosene and fuel oil differ from the combustible gases previously 
considered in that each is not a single definite chemical compound 
but a mixture of compounds that contract somewhat differently 
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when burned. Table 5 shows what members of the paraffin series 
may be present in the vapors from petroleum hydrocarbons. The 
values of the contraction on burning refer to the contraction which 
takes place in an accurate apparatus for gas analysis, and not to the 
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actual contraction which takes place in the Burrell indicator. 


TaBLE 5.—Data on the complete combustion of the paraffin hydrocarbons 


Per 1 volume of bydrocarben 


Bolling 
Hydrocarbon Formula ‘quid Volume | Volume | Volume 
ec, of Os of CO: | of cen- 
. required | produced] traction 
PUNNNee ors sove sci acess mee sees a aden CsHe.- —84 3.5 2 25 
PTO PROC ata oe sone hee ie ae hs oe ees bia CsHe...- —45 5.0 3 3.6 
PUA es ale Nhe re atest tet and ha hale hate CiHie - 0 6.5 4 35 
POCNUIOG .occls ete cee eee eee te ea CsA... +37 8.0 5 40 
TUONO cuca to etd Sor eck ea oss Semele koe CoH... 69 9.5 6 45 
UCT ANC seta ote ase Sco Sei ce het Nae wether utente bene Gel ued Cry. -- 98 11.0 7 40 
Octantac new seh ie ee Se ees ve Pee et toe ee scene wi seu Calis... 126 125 8 45 
= tt tet Ty TPT tT Gasoline vapor is typically a mix- 
SSSeRSeR enn an ture of paraffin hydrocarbons between 
22 Seeeeoee Geena butane and heptane, ies analyses by the 
Eee) e7t1++t +4 gas laboratory of the Bureau of Mines 
ei ttiw4 ltt sittl have shown that the average compo- 
PTT Tet TT ei ys. ; ‘ : 
a ice aa Baul sition of the vapors given off in tanks 
7 Ht Ht tg which have contained gasoline, crude 
e Hitt tt tt +t oils, and so on, may vary from ethane to 
<ftibtitie Htttt ttt : 
S Cis eens ann octane. Hydrocarbons higher than oc- 
2 1.6 ttt | 3 Ht ttt AL tane have such low vapor pressures that 
<= Tt] . ° : 
2 Ht ttt tA they can not exist in appreciable 
ae) a 
mig tt ttt TrTrTt Trt yt) amounts as vapor in the air at ordinary 
. Pt tt Ett t t 
B COO) temperatures, = . 
Ss tH +HSs A.scale for the indicator calibrated for 
ie SRBERy, PTT T Tt tt §6onesample of gasoline or fuel-oil vapor 
<a =e ee) Reese eeees ; 
fs) Sauer ennen ‘TTT therefore will hardly be correct for the 
10 Ht tt tt Bae percentage analysis of vapors from other 
LIT Vi Trt t t tt 6samples. The gasoline vapor scale now 
See See eReeReeS : ae 
os 4 supplied for the indicator was made by 
gue t+ ttt HHH actual calibration with the vapor from 
Pye yyy et yt tt 6a gasoline sample which was considered 
Lda 
065 2 3 4 to be typical, and it was assumed that 
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FicurE 8.—Curves showing the effect of 
varying the voltage applied to the end of 
the indicator cord when using the indi- 
cator for the analysis of mixtures of 
different combustible gases with air. 
Time of burning—H3—1 minute; CH y=2 
minutes; gasoline vapor=4 minutes. 
The straight portions of the curves repre- 
sent practically complete combustion 
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the analysis of air containing any gaso- 
line vapor would then be interpreted in 
terms of this typical sample. How- 
ever, in any given circumstances the true 
percentage of gasoline vapor present in 
the air and that indicated on this scale 
is liable to show wide difference. 
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In connection with the investigation of the vapors given off by 
fuel oil, G. W. Jones, gas chemist at the Pittsburgh experiment 
station, has suggested the use of a scale showing the ‘relative 
explosibility” of petroleum vapors, this term being applied to vapor 
and gases from gasoline and other petroleum products as well as 
petroleum. When the indicator is used for petroleum vapors the 
operator wants to know how safe the conditions are; he does not care 
what absolute quantity of a given hydrocarbon vapor is in the air 
as long as it is small enough to remove the possibility of dangerous 
explosive conditions. It is particularly fortunate that the mixtures 
of different petroleum vapors with air will all give very nearly the 
same reading on the indicator when the mixture corresponds to the 
lower explosive limit of the particular hydrocarbon present. There- 
fore an arbitrarily graduated scale can be approximately interpreted 
in terms of relative explosibility for all of the paraffin hydrocarbons 
from ethane to octane independent of the absolute percentage 
present, asis shown by the calculation in Table 6. This is discussed 
in more detail in the next section. 


the relative indications obtained with the 


TABLE 6.—Approzimate calculation o 
yze mixtures of paraffin hydrocarbons and 


Burrell indicator when used to a 
air at the lower explosive limit 


(a) (0) (c) (d) (e)=(6)+(@ () =x) 
This is A figure 
Contrac- : 
tion due | Brox | icamets 
Theoretical] G6, nro. | to COs 3 y |Gas present] Meio a tc 
Hydrocarbon gas formula contraction) duce er solubility t as | at lower ‘cont tion 
y oo per c.c. of | © per lin indicator Jo | explosive a eprpsces 
as c. c. of gas |e c -¢ of | Contraction) “jinit » |imindicator 
B taesthcot eg in py-a7] — an 
per c. c. 0 explosive 
[0.85 x ()}° gas mixture 4 
C. ¢. C. €. C. ¢. C. e. Per cent 
0 Ue ee 2.5 2 1, 66 4.16 3.1 12.9 
GRE cheat ie muoaceh ata yh 3.0 3 2. 49 5. 49 a 17 11.9 
SER, aa dud Wrncenwenkelbscnans 3.5 4 3. 32 6. 82 1, 65 11.3 
deat neacd mde mnnmn'e 4.0 5 4.15 8.15 1.35 11.0 
RM A cabaiinedabhé cs odcacs 4.5 6 4. 98 9. 48 e(1. 15) 10.9 
ON fle bade mcschpicha camel aoe 5.0 7 5. 81 10. 81 (0. 99) 10.7 
GREE bine edbdoccscknbnviccond 5.5 8 6. 64 12.14 ¢(0. 87) 10, 6 


« The aston 0.83 is Srorenimnataly the ratio at 25° C., after bait the ‘adinabeer vigotoualy for one wits: 
ute, between the COs dissolved and the 7 Os: produced by the combustion 
i 1.055 =" 83 (See p. 30). 

+ See Burgess, M.J., and Wheeler, R. V., The lower limit of inflammation of mixtures of the paraffin 
hydrocarbons with air: Jour. Chem. Soc., vol. 99, 1911, pp. 2013-2030. 

¢ Parentheses inclose calculated values 

4 This table is based on the specific naniniation that no other variables come in—that is, that these gases 
al] dissolve in water to the same ‘egail extent, etc.—and since this is not exactly true, the figures in 
column (g) are only appro. 


CALIBRATION OF THE INDICATOR 


The indicator for the combustible gases—methane, hydrogen, and 
gasoline vapor—was first calibrated experimentally. This procedure 
was best at that time, but the weakness of such calibration for any 
instrument without consideration of the theory involved is due to 


oiatizes ty GOOgle 


298 A STUDY OF THE BURRELL INDICATOR 


the assumption that the conditions of use will exactly duplicate 
those prevailing during the calibration—something that may never 
be exactly true. Experimental calibration tells nothing of the source 
or probable magnitude of errors, and hence may be unreliable. 

The following discussion, therefore, treats both the theoretical and 
the experimental calibration of the indicator. An attempt is made 
to point out possible errors and to cvaluate their probable maximum 
magnitude; to show how they may be avoided, what the true form 
of the scales for the indicator should be, and (by means of an illus- 
tration with methane), how a calibration for the indicator may be 
calculated for a combustible gas not considered here. This dis 
cussion shows why extremely accurate results can not be expected. 
The calculations are carried through in detail for methane, and are 
summarized for hydrogen and gasoline vapor. 


THEORETICAL CALIBRATION FOR METHANE 


In the development of a theoretical calibration for the Burrell 
methane indicator the following factors must be considered: 


1. The methane dissolved or liberated by the water of the indicator. 

2. The carbon dioxide dissolved or liberated by the water of the indicator. 

3. The nitrogen dissolved by the water of the indicator. 

4. The oxygen dissolved or liberated by the water of the indicator. 

5. The reduced pressure under which the residual gases are measured, the 
difference in pressure being equivalent to the difference in level between the 
water surface in the gage glass and in the large tube when the final reading is 
taken. . 

6. The heat liberated by the glower. 

Two general assumptions are made: First, that the indicator 1s 
correctly proportioned and properly used; and second, that at the 
beginning of a determination on air containing methane, the indicator 
is at air tempcrature, and the only temperature change during a deter- 
mination is duo to the constant amount of heat which the glower adds. 
It has already been shown before that shaking the indicator for one 
minute brings about gaseous equilibrium with the water in the large 
reservoir plus 50 per cent of the water in the small reservoir and gage 
glass, and that the methane is practically completely burned to car- 
bon dioxide and water. 

The first five factors given above are proportional to the 
amount of methane in the sample, and the sixth is constant; there- 
fore the calibration curve is a straight line. Calculation is made 
only for the maximum mcethane-air mixture which may be 
analyzed—a 4 per cent methane sample—and a straight line & 
drawn which represents the indications obtained with inter- 
mediate mixtures. The effect due to the first three factors is primarily 
assumed to take place at atmospheric pressure, and the result is 
then corrected to the reduced pressure which actually prevails when 
the reading is made; finally, allowanco is made for the constant 
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heat effect of the glower. The calculation is made for two temper- 
atures—10° and 25° C.—which approximate the two conditions of 
operation which the indicator has to meet. Comparison of these two 
calculations shows directly just what accuracy may be expected if 
the indicator is used first at one tempcrature and then at the other, 
or if it is calibrated at one tempcrature and used at the other. Tho 
detailed calculation for methane follows: 


At first the water in the indicator is saturated with air of normal composition 
as follows: ° 


At 10° C. At 25°C. 
Per cent Per cent 
W ater Vapors: secd cee cece Boe Sele eee cet eee 1. 21 3. 10 
ORY COU ca 3 ee ene ee nee Soa 20. 65 20. 25 
IN TEP OCI Sosa ee es eo tie i Be ie ees 78. 14 76. 65 
The volumes of the dissolved oxygen and nitrogen in 165 c. c. of water in 
equilibrium with this air may therefore be calculated from the formula: ire 
C,>XS, and are found to be, 

At10°C. At25°C, 

C. c. Coe; 
V ee AOFr OX Pelee 2 oe Se hee eh ee 1. 342 1. 033 
Vege TOP Dio Rens)... oS ge i whe eS eh ee ee ek 2. 620 2. 075 

A sample of saturated air containing 4 per cent of methane has the composition, 

At 10° C. At 25° C, 

C.c. Percent C.c. Percent 

NIGUHANG2 05.2 f2c2e sy Liem ese Senay 1. 240= 4.00 1. 240= 4.60 
Water vapor. 22.255 he ee 0.375= 1.21 0.962= 3.10 
ORY CCN ph oo eae .. 614 =19. 80 6.02 =19, 42 
NibfOPeNs. 6256s oye etheos abe s 23.24 =74. 99 22.78 =73. 48 


Assume that the entire 31 c. c. of this air sample containing 4 per cent of 
methane is taken into the indicator and shaken for one minute. As was shown 
in the discussion of the solubility of methane in the water of the indicator, part 
of the methane goes into solution; that is, 


At 10° C, At 25° C, 

C. ¢. C.c. 
Vos fOr Methane. 22 sews se nee tes abe tee sees 0. 233 0. 185 
Vg for methané:s4..¢_ 2x soe thee eee eb see ee eaend 1. 007 1. 055 


The total volume of oxygen and nitrogen present (dissclved in 165 c. c. of 
water plus gas) is: 


At 10°C. At 25°C. - 
C.¢. Cee: 
Total volume of oxygen_____----_-..-------------------- 7. 48 7. 05 
Total volume of nitrogen_________-.__-------------------- 25. 86 24. 86 
and this redistributes itself after shaking according to the formula, 
165° 31.00 — 
At 10°C. At 25° C. 
Cc. C.c. 
Vp f OF OXY CNS 2 tc dit ey eee ies teeeses 1. 297 0. 996 
Vg TOF OXY Clie octet eee encore Stee ease sees 6. 18 6. 05 
Vo TOF NitfOgeliac 2. a.as eicoee eu et eeeeeeteee Bees 2. 520 1. 995 
Vg SOF Dilr0gell os neried fees ee ee eee 23. 34 22. 86 
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If the water level in the gage glass is brought to zero on the scale, and the 
composition of the gas sample becomes 


At 10°C. At 25° C. 
C.c. Percent C.c. Percent 
MGthan@ 22.42 bose t ete Ste tele 1. 007 = 3.25 1.055= 3. 40 
Water vapor____._____-_-------------.- 0. 375 = 1.21 0.962= 3.10 
ORV Ua a ese a se se Sati 6.20 =20. 00 6.05 =19. 50 
NUGROG@ ON i it her eed Colne foe: 23.42 =75, 54 22.93 =74. 00 


The combustion burns the methane completely, removing a volume of oxygen 
equal to twice that of the methane and producing a volume of carbon dioxide 
equal to that of the methane. The final shaking dissolves some carbon dioxide 
and nitrogen, and causes some oxygen and methane to come out of solution. 
The contraction due to the combustion itself is 2.014 c. ce. at 10° C. and 2.110 
c.c. at 25° C. Approximate preliminary calculation shows that about 0.88 c. c. 
of carbon dioxide is dissolved by the water, 0.17 c. c. of methane comes out of 
solution, 0.26 c. c. of oxygen comes out of solution, and 0.20 c. c. of nitrogen goes 
into solution. The approximate net contraction is therefore 2.70 c. c.; which 
corresponds to a residual gas volume of 28.3 c. c., this volume will therefore be 
used as a basis for calculating the exact magnitude of these quantities which are 
calculated from the equilibrium formula: 
Vw, Vi-Vw 
165° 28.3 ~* 

- The total volumes of the gases present (dissolved plus gas) are: 

Atloe?C. At2s°c. 

C.c. C.c 


Ve for— 


WMetnanes.G.<-.ec8s eo sk cose eet euge ues eth e teste oe 0. 233 Q 185 
Carbon: GiOxIdG = son e< oe ee et ei ae 1. 007 1. 055 
OK COU tr Se eee ee eee ee owe ae eee ae 5. 49 4.94 
INIt POR CNsccii also eee cece tates ee a erst las ale aes 25. 94 24 93 


The volumes of these gases dissolved in the water at the equilibrium resulting 


from shaking after combustion are: 
At 10°C, At °C. 
C.c. C.c. 


Vu for— 

NetNANC aos ede 2S tsk oe ee een sens 0. 047 0. 030 
Carbon dioxide_____.__.__------------------------------- 0. 885 0. 875 
ONS Gels hoa eho ae ee ee 1. 026 Q 755 
INIGTOR CR cote ss oe a ieee eae eS 2. 745 2 174 


The volumes of these gases which were present in the water just before com- 


bustion were: 
At 10°C. At 25° C. 
C.c. C.c. 


_ Methane in water before combustion ____...-.------------- 0. 233 0. 185 
Carbon dioxide in water before combustion_.__.__._......--- 0. 000 Q 000 
Oxygen in water before combustion__-.-.._.---------------- 1. 297 0. 996 
Nitrogen in water before combustion._..__.__.......------- 2. 520 1. 995 
Contraction due to CQ,....__..-----------_.-__----------- 0. 885 0. 875 
Contraction due to N,..____-_----------.---_-_----_-- eee 0. 225 Q. 179 

SON che ee een ays eat eee he ey eee ec s Site a ena oie 1.110 1. 054 
Expansion due to methane-_ ___-__--------------.------------ 0: 186 0. 155 
Expansion due to oxygen._---_-.--------------------------- 0. 271 0. 241 

UN oie eee ee eee ee oe en a ee eee aes 0. 457 0. 396 
Net contraction—difference__.-_.-.----._._._------------.- 0. 653 0. 658 
Previous contraction.__.....--.-.--------.--_------------ 2. 014 2 110 
Corrected total contraction at atmospheric pressure-------_---- 2, 667 2 768 
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In order to calculate what the contraction will actually be under the reduced 
pressure which prevails in the indicator the following formula has been developed: 

Let z be the number of cubic centimeters between zero and the final reading 
of the indicator. Then with the large gage glass of cross-sectional area 0.246 
sq. cm., the actual contraction under reduced pressure is 0.2462 c.c. The cross- 
sectional area of the collar in the large reservoir where the water level stands is 
oT? = 0.06482 centimeter at 
this point. Let the residual gases occupy a volume, z’, under 76 cm. of mercury, 
and let them actually occupy a volume z under the pressure of. 


76 Ry = 78 0.07832 cm. of mercury. 


3.80 sq. cm.; therefore the water level will rise 


The actual contraction under reduced pressure is, 
31 —z=0.246z 
z=31 —0.246z. 


or, 


The contraction under 76 cm. of mercury is 31—z’. 


Zz 76 Wee ois ’ 
But, 7760, 07832’ and therefore substituting and solving: 


2’ =31—0. 278z+0. 0002532? 
The contraction at 76 cm. pressure=31—z’=0. 278z—0.000253z! (1) 
But the actual contraction under reduced pressure=0. 246z (2) 
Dividing (2) by (1), and simplifying: 


; _ Contraction at 76 cm. pressure 
Actual contraction under reduced pressure= ——__1.130—0.001028r.. (3) 
In order to remove z from expression (3), its valie may be approximated from 
(1) by neglecting the z? term which has a value of less than 1 per cent of the x 
term, when the values of z are less than 10; in which case 


__ Contraction at 76 cm. pressure 
_— 0.278 
Substituting in (3) gives, 


Actual contraction under reduced pressure = 


Contraction at 76 cm. pressure 
1.130— (0.0037) (Contraction at 76 cm. pressure) 


Applying this formula, it is found that the actual contraction under reduced 
pressure at 10° C. is 2.380 c. c. and at 25° C. 2.470 ¢. c. 

These values are divided by the sectional area of the gage glass to get the 
indication not corrected for the heat from the glower, which is 9.67 cm. at 10° C. 
and 10.03 cm. at 25° C. 

The constant heat effect of the glower was determined experimentally by 
analyzing samples of room air, and an average expansion of 0.25 cm. was regis- 
tered on the scale for a two-minute burn. Corrected for this, the indications 
become 9.42 cm. at 10° C. and 9.78 cm. at 25° C. 


The values derived by this calculation represent the first indication 
obtained when distilled water saturated with air is used in the indi- 
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cator. Since it is desired to have the calibration most accurate for 
the second determination on the same gas mixture, the values must 
be slightly modified, for even after the shaking that follows the first 
determination a small amount of methane will be left dissolved in 
the water; and when the next sample is taken this methane will 
be distributed throughout all of the 190 c. c. of water in the indi- 
cator, and 165 c. c. of this water will.be brought to equilibrium 
with the new gas sample. The fact that this water already contains 
a small amount of methane will cause a slightly smaller volume of 
methane than has been calculated to go into solution during the 
first shaking with the new sample. This effect is proportional to 
the amount of methane present in the air sample, and its effect on 
the indication can be calculated from previous results. 

Atl0°C. At2s‘c. 


(a) Methane dissolved per 190 cubic centimeters-_--__-_-_c. ¢c_- 0. 047 0. 030 
(b) Methane dissolved per 165 cubic centimeters... -- Cs. 0. 041 0. 026 
(c) Methane extracted on shaking.________._____-- €. Co. 0. 033 0. 022 
(d) Increase in indication. -.......-.-2-2_. Pe eel ae ree cm_. 0 31 0 21 
(e) Final theoretical indication. _~~_-...2--2. ___- _.-cm__ 9. 73 9. 99 


This final theoretical indication is the approximate value which 
should be obtained by the second and subsequent consecutive deter- 
minations with a 4 per cent methane sample. The theoretical cali- 
bration of the indicator is shown as a curve in Figure 9. 

A theoretical calibration was calculated for the methane indicator 
when fitted with the small gage glass. This was easily done because 
the small gage glass has a cross sectional area just half that of the 
large one; therefore the corrected total contraction at atmospheric 
pressure for a 2 per cent methane sample is just half of the value 
calculated for the 4 per cent sample. The formula for calculating 
the actual contraction under reduced pressure was derived similarly 
to that for the large gage glass, using the area 0.123 sq. cm.: 


Actual contraction Contraction at 76 cm. pressure 


under reduced pressure 1.252— (0.0065) (contraction at 76 cm. pressure) 


When this is applied, results are: 


Data on contraction 


Atle’ Oo. Atasc. 

(a) Corrected total contraction at atmospheric pressure..c.c_. 1334 184 

(b) Actual contraction under reduced pressure________- cc.. LO 1113 
(c) Indication not corrected for heat from glower= (0) 

Sl OR) ie eee ee ee Sen aU ES mE aEEE ee NCR ng aCe eC PO em... &71 90 


(d) Indication corrected for glower cffect=(c)—0.50._...cm.. &21 86565 
(e) Increase in second indication due to dissolved methane 
Wii Aenea Beene es eseeiesoecseesleios. “Oooo: A019 
(f) Final theoretical indication. ........----..-.-.--. cm... &650 &74 
A line representing the theoretical methane calibration for the 
small gage glass is shown in Figure 9, 
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EXPERIMENTAL CALIBRATION FOR METHANE 


Mixtures of Pittsburgh natural gas and air were analyzed with a 
carefully constructed indicator (No. 340), which took the correct 31-c.c. 
sample and could be fitted interchangeably either with a large gage 
glass of 5.59 mm. average diameter or a small one of 3.94 mm. 


average diameter. 
from a five-cell storage bat- 


Current for heating the glower was obtained 


46 
a aa SeaR | V/ 
tery connected through an RES eee eee yet 
adjustable resistance, and a nae : Bee e eee a LT VA aT 
voltmeter indicated the po- 36 EcEECEECEEEE +. Aa 
tential difference at the end COOTER ea 
of the electric cord of the 33 PEE EEE Ee 
indicator. A potential dif | FOOCCEER Se 
Aas pote td ft 71 /'] aS 
ference of 2.35 volts was ,, FE Susennae SATE 
maintained durin the i iz Seen Jaene ie 
Pe 2 +h PEC Aer 
ee Hires baeeSeGuESD/ LESEESED’, 
eos TXtures, SWelU: 2B SSGRRSSRS008/ 70058 Te" 
confined in a bottle over ¢& {[[T TTT saenn PTT ae ee 
. & 2ot-t PT tT Yin t+-} fA > as 
water. Accurate determi- q Ea SReSBaaee (Geer ne rit TT 
nations of the equivalent & Sea nananda + 794 EH 
methane in the samples 216-114 one Gaus 2aanae 
i Gane? HERA? 4. BER 
were made with the Haldane E -{- POCA AE 
gas-analysis apparatus as %,, AA Sue) Keep aaU Gee 
At ee: 4claeely EEE REE 
agreeing duplicate analyses ry See eee eis 
Were: Optaed “for, Agen 8 ea age eee eae 
mixture, As would be ex | FEL AEE 
pected for the rich mixtures, °4 ann/d Base cela = 
the first reading when the oA ate 
indicator contained fresh [eALi — pt 


waterwasslightly lowerthan 
subsequent readings. Since 
calibration should be accu- 
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FiauRE 9.—Calibration of the indicator for methane (hake 


ing one minute both before and after combustion and 


burning for two minutes at 2.35 volts): a. Theoretical cal- 

rate for the second and sub- ibration for the lerge gage glass at 10° C.; d, theoretical 
; calibration for the large gage glass at 25° C.; ¢, present cal- 

sequent readings, the first ibration for the large gage gliss; d, theoretical calibration 
reading was discarded and is for the small gage glass at 10° C.; e, theoretical calibration 
for the smull gauge glass at 25° C.; f, present calibration 

not tabulated. The actual for the smal! gage glass. The points represent the aver- 
results are given in Tables 7 age of actual analyses made with the indicator, at 25° C., 


and 8, and the averages are 


as given in Tables 7, 8, and 9 


plotted as points in Figure 9, with curves representing the 
theoretical calibration of the indicator and curves representing the 
present scales which the manufacturer supplies for the indicator. 
These results verify the soundness of the general theory. They 
show that the present methane scales are slightly in error due, first, to 
overlooking the heating effect of the glower in the design of the pres- 
ent scale for the large gage glass; second, to the fact that when the 
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old calibration was made, the indicator was only shaken with the sam- 
ple for one-half minute before combustion, a length of tume which was 
thought then to be ample but has since been determined to be too 
short; and third, to the fact that Pittsburgh natural gas was used for 
the old calibration, and the results of Haldane analysis were calculated 
to “total hydro carbons,” which was called “per cent methane.” 
The more correct method of calculating “‘ equivalent methane, ’’ which 
was used in the present tests, has been given on page 11. The 
tendency of experimental results for pure methane in mines to be 
slightly low (see Tables 1 and 2) bears out this conclusion. 


TABLE 7.—Experimental calibration at 25° C. of the methane indicator filled with 
large gage glass 


Indicator reading 


Sample No. lent CHe 
Before sone Corrected | Average presen: 


burning 
Mm. Mm. Mm. Mm Per cent 
Deo lee ea) tk 3 eas les act ont ens eed —0. 5 71.5 72.0 
| 6 Ieee ee AE PRADO OO ey Rr DE ol Sa Reece 0.0 6&. 5 68. 5 700 2 
Ont ee ee sascha ve tee eeeminee et eee —4.0 65. 5 69. 5 
DAS Sc Ot cect e tis a eae DE hs oe ts oh ee —2.5 36. 0 37.5 
Dis See be se fn ae eee ae 0.0 38. 0 38.0 37.8 L@& 
Ogee as toh eens ay oe ae thee has oe —1.3 36. 7 38.0 
Bessie are tote tn te Deuce eae eee 0.0 29.0 20. 0 
Dees] ieee eyes tat aalen Sees +$1.3 2.3 2.0 20 LS 
Ci ek es eth ee AS Os eet sat eal de 0.0 27.0 27.0 
48 Msn nen Aa decease doce tee Ss +1.0 18. 5 17.5 
| & Aa ee a ROR © NTL Cs be ROOD ONC rarer Peat eae oa —3.0 1&5 18 5 17.8 ak 
Cs a es Peete oe et eeecan ee +4.0 21.6 17.5 
CR sca eater a ana oes Nah ge are at 2 +2. 5 11.5 9.0 
Dh ae Ses eM ke eta cin Dent ae —2.0 80 10.0 as Qu 
OP a na oo Ei a te et cea este ie os a ea +40 - 13.5 a 5 
ON ee Ge A es —4.0 83.0 87.0 
Dis Jette eo 5 tes hae ee old ed unt ls —2.5 84. 5 87.0 66.1 2a 
Ci ee ee AN i eas pte alg ea heed —1.3 83. 2 84. 5 
Bos ost e iee n deaeutge ie Season ete +4.5 59.0 B.S 
| Svea Set 5 ooo am nm EEIT SO IRNON CNY snreca ton en an OMe eer —1.3 §2.7 &.0 KO 217 
Ot tae ep May Ee bn ho ah ag eh De Wad is —2.0 51. 5 8.5 
Oe cele ipa ene ee eet 0. 0 —-4.0 -40 
Dicteeie Mis ett Lut ae ousted oe +1.3 —1.3 —2.6 —30 a0 
he btn tore oo eral cect ek end can ete ete ne —2.5 5,0 —2.5 
OD nS Cad Oe a ana eBay a Rae +1.3 88. 3 87.0 
De coe ey ie Ee he ea Meh ee KE on 44.5 94. 5 90. 0 $2.0 3 
iy ee ine een Cee ke +5.0 95.0 | 90.0 


TaBLE 8.—Experimental calibration at 25° C. of the methane indicator filled with 
small gage glass 


Indicator reading Eauive 
Sample No. Before After ent CHa 
burning burning Corrected | Average present 
Mm. Mm, Mm. Mm. Per cent 
LC eee ROE Be EON AREER. SP eR TRL 0.0 —5.0 —~5,0 
Dial Peat ces ta siete elas nae tot we pe ayes ot ial Sona SI +0.5 —6, 4 —7.0 —8 5 00 
Sate Fd BENS He Ror Mth on talented iy —0.5 —5.0 —45 
= be agen g Sha tee heme eecdd Tea ALA TE ie eos —0.5 85. 0 a. . 
sea CS Notte hee Sia, nas ame, eet Mie ees —2.5 88. 0 0 ” 
PS SiDsdy gar Nd Wipe Rel CRN URL ESG 45.5 99.0 84 5 82.0 20 
(6 LEA Rte me tol oi ne CARS is SSR —4,0 88. 5 92. 5 
ae Bitte 8 ets alte Suse a ee ee geal DES By gel +4.0 sy 0 ibs : 
UT eo nt ner ety) Emre Reet PER +5.0 5 
6p oe 25 71.5 80.0 7.0 Lf 
Cis eS i ate meets me a Meee he +1.3 79. 8 78. 5 
ST an ees Picea ey Ll Se a he ae Ne de, 2 —2.0 64.0 66. 0 
Boater ern A eee de de eet date ie 7.0 72.0 65. 0 65.2 L& 
Oe a See OO a ce We a Eee uae —2.5 62. 0 64. & 
OB Sie nstte S eye ee Slag Bc eel, tage Stet rn SE —2.0 44.0 46.0 
Bish cera ee tee ts eet he rae oa —4.5 41.0 45. 5 45.5 L® 
Cecidese ost Ae or a te ote te ee 0.0 45. 0 45.0 
62s et oe ae sate oe Se —2.5 18. 5 21.0 
Rice te etd uae ade tp tan nhs 0.0 20. 5 20. 5 2.8 a8 
OT eS pee ee atte id anes Coote! ia +8. 0 29. 0 21.0 
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In order to confirm this fact further, and to obtain data on the 
use of an indicator by different operators, mixtures of pure methane 
and air were made up and analyzed. The methane was prepared 
from dry Pittsburgh natural gas by passing it through absorbent co- 
conut charcoal cooled in an ice bath. Accurate analysis showed the 
unabsorbed gas to be pure methane. The results obtained with in- 
dicator No. 127 fitted with a gage glass of 5.59 mm. inside diameter, 
and attached to a fully charged Edison portable M-8 battery, appear 
in Table 9. 


TABLE 9.—Analysis of mixtures of pure methane and air, with the indicator fitted 
with large gage glass, at 25° C 


Reading 
a 2 Average Methane 
Sample No. Observer 
| Before After | ocerscted reading | present 
burning burning 
Mm Mm. Mm. Mm Per cent 
oe ES 4 a Oe ee ee 0.0 93. 0 93. 0 A 
FP EA a OE a —4.0 88. 0 92. 0 A 
Dieta a tesa ak a neenteanckade —3. 0 91.5 04. 5 A 
a AF eT Re —2.0 88. 5 7 : ~ 
Ey a Re ee Se A —6.5 83. 5 f 
UR Gees ROS? Ea 3.5 93. 0 96. 5 A 94.0 3. 73 
é SS ES! 2 eee ee —3.5 92. 5 95. 5 A 
ES SS See es ee ee —6.5 90. 5 97.0 C 
ee FR rere —3.5 95. 0 98. 5 D 
> EE eae ere. Oe +1. 5 94. 5 93. 0 D 
Sess CS See a +-1.0 29. 0 28. 0 A 
I Se Fe —0. 5 27. 5 28. 0 A 
ee ee a 4 ee a 6. ae -+-2.0 28. 5 26. 5 A 27.5 1,15 
es SF ie ee ek +1.0 20. 5 28. 5 B 
TA eS . ee ee coe 0. 0 | 26. 5 26. 5 B 


Note.—Fresh water was placed in the spp before sample la and between samples li and 1j, and be- 
tween 2b and 2c. The first readings obtained after fresh water was put in are not tabulated, but were 91 
and 89 mm. for sample 1 and 25 mm. for sample 2. 

The points representing the averages of these results have been 
plotted in Figure 9, and lie approximately on the theoretical curve. 
The readings obtained by different observers do not diverge widely. 
The differences are chiefly due to variations in the intensity of the 
shaking which precedes and follows the combustion, and are at a 
minimum when the shaking is vigorous. 

The difference between the results which will be obtained with the 
indicator at 10° and 25° C. is small and does not limit the usefulness 
of the instrument. 


THEORETICAL AND EXPERIMENTAL CALIBRATION FOR HYDROGEN 


A theoretical calibration for the indicator, calculated for hydrogen, 
leads to the following values: 


Theoretical scale reading 
At10°C. At25°C. 
Mm. Mm. 
Large gage glass for 6 per cent H,_.___-._----------------- eee . 8.93 8. 90 
Small gage glass for 3 per cent Hy. 222. 22s sccsnccenecasceue 7. 92 7. 88 
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Results obtained with the indicator as ordinarily used for mixtures 
of hydrogen in air are therefore practically independent of the 
particular temperature at which the determinations are made, s0 
long as the temperature remains constant. Curves for these theoreti- 
cal calibrations have been drawn in Figure 10. Actual results obtained 
in the laboratory with the indicator are given in Tables 10 and 11, and 
the averages have been plotted as points in Figure 10. The dotted 
lines 6 and d in the figure represent the scale for hydrogen with which 
the indicator is now supplied. 


TABLE 10.—Experimental calibration at 25° C. of the hydrogen indicator fitted 
with large gage glass 


Reading 
Sample No. pti 


Refore After 
burning burning Corrected | Average 


Mm. Afm. Mm. Mm. Per ceal 

VG Saatchi hin Rs a cee a eee eo +2.0 87.0 85. 0 

Ve eclg uy tceetesiey spouts Vania Gent de htareeeas ate +1.3 87. 0 85. 7 85.5 5.81 
a cde Net atone eee tank Boh ease cee +5.0 90. 7 85.7 
De Se atc Sy ot ces elt cte Goes A tae 42.0 83.8 81.8 

Wye a os eel aay ty ene ae Gee ae —1.3 79.7 81.0 81.7 &71 
CA oh RP SOR CNE AL Pa RO RNEED Ce 0.0 82.2 82.2 
Bie ae ee eeaeskon etn ced to onee sacs 42.5 85. 5 83.0 

Dice tehss eiak ioieme mate baa tia sae N ode ae +3.0 86. 3 83. 3 83.1 a7 
re age Baty ae eh hen te bene, 6 See hes hn Sa deco OS —0. 5 83.5 84.0 

| ae Nance Oa Retr TA rire rene iG 42.0 83. 9 81.9 
oe Hu) Be] ie 

Ele Metical: Aceeahs cc Ath psce aaah, ole hn oa: : 1 

RON ee ee ne er 43.0 87.3 84.3 83.5 5. 64 
US Brn Set doe Conegl oa a teh ee has +4.0 85.8 81.8 
(7a RE ens RE ene ek a I) eee +5.0 54.5 49.5 

TR ee Pen a gl On Sen he aN Sh +1.3 50. 0 48.7 49. 2 aa 
sr fe aaa ea, fae Se ine OS eee nae +22 51.7 40.5 

Te arene Se ee In EG 43.5 35. 0 31. 
Be a ee ete 43.7 35, 2 31.5 3L5 2% 
Gaetan A It eeeat paris Act aha So asl atte Te +3. 0 20. 2 17.2 

|v eee eee) ray eh a SR ONRDD (enn eek etd et eT Cro —1.5 14.5 16.0 16.7 LM 
ea caesar etd Lae, ca cate este dy Seca —2.5 14.5 17.0 


These results confirm the theory and show that the hydrogen scale 
at present supplied with the indicator is substantially correct when 
the gage glass is of the correct diameter, the volume of the sample is 
31 c. c., and the one-minute period of combustion is both preceded 
and followed by a one-minute period of thorough shaking. 


TABLE 11.—Ezperimental calibration at 25° C. of the hydrogen indicator fitted 
with small gage glass 


Reading | 
: | Hydrogea 
Sample No. 
Before After | prevent 
burning burning | 


stitch ete A nee Fee eee 
' 
Mm. Mm. ba Mm. | Per cert 
Deca a adn Bitte tn oe etic hate aia toattvas tt 0.0 92.0 2.0 
Detter sce te te eet aa Ek +05 92.3 91.8 92.0 3G 
Cy ec at ae tee eae es ee Ag! +2.0 4 2 92.2 
Deg tase hee a ex en ne res eto +1.3 61.9 60. 6 
Dose hts teeter cca Nie Not ene heen ae +6.5 65. 3 58.8 50.5 2% 
3° SO tes iene bl erate ree cae Nel a ee a0 63. 0 50. 0 
Perec Sin ae tan Uinsees ce N 2 oe a tae Pa Bad 1-2. 34.0 32. 0 7 
” Ete nid tee a ee 413 31.5 30.2 31.1 Le 
gle Weae be ean e Oe he re ena peut aetna: 0.0 —25 —2.5 
Ne ts tay Yen ne NEC hn gal oneAGk Aa. Teagan 0.0 —2.5 —2.5 as 
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THEORETIOAL AND EXPERIMENTAL CALIBRATION FOR GASOLINE VAPOR 


To ascertain more accurately the reading which should be obtained 
when the indicator is used in analyzing petroleum vapors and to get 
theoretical calibrations for hexane (C,H,,) and for heptane (C,H,,) 
at 25° C., calculations were made similar to those for methane. No 
data for the solubility of these gases in water at 25° C. could be found 
in the literature; therefore the solubilities of the vapors from two 
different samples of gasoline were determined for use in making the 
calculation and have been given in Table 4 (p.17). The calculation 
of the theoretical calibration for hexane and heptane leads to the 
following values: 


lpercent 1 per cent 
exane eptune 


Theoretical scale reading at 25° C____--_-.------------- cm_. 8. 82 9. 65 
This is calculated for a four-minute burn, which is assumed to give 
complete combustion. 

Figure 11 presents curves representing the theoretical calibration for 
heptane, hexane, and methane. No solubility data were obtained 
forotherhydrocarbons,and jj, 


SRE REE’. 


it was therefore impossible CCE ar 
to calculate for them ace (CEECE eeA 
curately; but the lines for “COCCI eh 
the hydrocarbons between ge EEEEEEEEEEEEEE Heer ECEEE 
hexane and methane were 8 CCITT PEE a 
so drawn as to make equal & H+ ae Seeeany cas - 
divisions of the interval, EB PEt tt tt tt 2ae 4 
and the line for octane was 4 Ht H aaee a 

drawn as far beyond hep- & 7 

tane as that for heptane is & H+ 

beyond hexane. This pro- © 

cedure of interpolation and 2 


extrapolation should be ac- 
curate enough for the pur- ! 


A 

sep egabeeee 

oe — Ae Buea 

Analyses with the indi- Zoi t Pitti 

cator of four air samples INDICATION, CENTIMETERS 
Ficore 10.—Calibration of the indicator for hydrogen (shak- 


containing gasoline vapor ing one minute both before and after combustion, and 


gave the results presented burning for one minute at 2.3 volts): a, Theoretical cali- 
; bration for the large gage glass 10° to 25° C.; b, present 
in Table 12, the averages calibration for the large gage glass; ¢, theoretical calibra- 


. tion for the small gage glass, 10° to 25° (.; d, present 
of whic h have been Pp lotted calibration for the small gage glass. The points represent 
as points in Figure 11. the average of actual analyses with the indicator at 25° 
The time of burning was. C., as given in Tables 10 and 11 
four minutes, and the indicator was shaken for one minute before 
and after combustion. The points fall within the region of the 


figure that corresponds to their composition, 
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TaBLB 12.—Analysis of comple of air containing gasoline vapor at 86° C., indica- 
or fitted with large gage glass 


at ae 
Sample No. Kind of gasoline vero 
: Before After’ | Corrected | A eet 
b verage present 
Mm. Mm. Mm. Mn. Per cent 
Ay eer care head sci c-4-cussssese2 = : Le ih 
- Bee Sa eg 0.0 74.0 74.0 71.4 0.99 
( Fae eaten Penance UO etic es Ae eee 0.0 76. 5 76. 5 
Bis sce ee i 35 Ore soc ot ee a0 54. 5 54.5 
Moccia Stemtesh os oO Ose es Sed ee —3.0 §1.0 54.0 &1 an 
Ooctis-ede pest O tous’ ie cet eae teen —0. 5 83.5 64.0 
(uy We eeeeraees ee Motor___...._.._._.-......- —0.5 71.0 71.5 
) ee Tm Wer ReEEe OOt eed lett ete e +20 71.6 69. 5 70.7 072 
i a a3] St 
Lite lee Ok Basen ain oy bt rth . i 2 
Do leis a Ca 0.0 45.0 45.0 45.0 0.4 


On the curves in Figure 11 the lower explosive limits of the 
hydrocarbons have been marked with a cross, and are connected 
with a smooth dotted line 
which is almost straight and, 
with the exception of its 
lower end, is nearly vertical. 
From this evidence a scale 


BEscesanae of relative explosibility for 
COC 
an e*T1] petroleum vaporsof average 
Pl OB OB, ae Ann 


composition ranging be 
tween propane and octane 
would be approximately 
accurate if the ‘“‘ explosive” 
point was selected about 
9.5 cm. from the zero on 
the indicator scale. The 
only gas that might seem 
from the data at hand 
to give an explosive mix- 


Liptay tt TY ae 
PP EE yt 
SER" SER 


| 

Ht tA 

Bara 
zea 


| 
BAGG Ren Anere 


oon dear. say age 
ft] 


Sane ane Ra AA 
aera ALT VET YT tera A 
a Ht tA ALY al tte 


COMBUSTIBLE GAS, PER CENT 


LH | A Rs 
SiaBriR186 wae ZRBERRE 
S02 6n 47 er ee. 40 Reese 
0.64114 He 

SH fh A664 tt Lf pt 
PT HAAN AAS ey eer eS 


PTA A A Ae 
a4 4H AW oo |_| |] % Lower explosion limits 4 
: A || | |] O Casing-head gasoline 
tot pattitt tte) © ceed gasoline a 


TL UIA A Preece 
ag s//// dene eee ee me 
TINY TT TT ee 
Le ee Te ek pp oa tt 
| a TET Ty PTT Tre Tr TT 


ol 
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FIGURE 11.—Theoretical calibration curves for the Burrell 


indicator, fitted with large gage glass, for hydrocarbons 
between methane and octane at 25° C. 


Ce 


ture for a reading slightly 
less than this is octane, 
which has such a low vapor 
pressure that higher tem- 
peratures than ordinarily 
exist would be required to 
get such a mixture. For 
the hydrocarbons _ below 
heptane the true explosive 
point would be slightly 
beyond that shown on 


the scale, and the true conditions would be slightly safer than the 


indicator shows. 
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SUMMARY AND CONCLUSIONS 


This paper has discussed in detail the Burrell methane indicator 
for combustible gases, and especially its use for the determination of 
methane in mine air; has described the instrument and given in- 
structions for its operation for methane; and has presented typical 
results of mine tests with it. A modification of the switch design 
of the indicator, which aims to increase the life of the glower, has 
been described. The possible sources of error in determinations 
made with the indicator have been considered, so that there can be 
ho misunderstanding concerning the possibilities and limitations of 
the instrument. The use of the indicator for hydrogen and for 
gasoline and other petroleum hydrocarbon vapors has been con- 
sidered, and the slight differences between the operation of the 
- instrument for those gases and for methane have been discussed. 
Data for accurate experimental calibration of the indicator 
have been tabulated, and it has been shown that the calibration 
can be deduced theoretically from a quantitative consideration of the 
various factors involved. 

The Burrell indicator for combustible gases is so operated that 
further increase in the accuracy of the present instrument by chang- 
ing its design or method of operation seems impossible. As it 
stands, however, it is a useful instrument in its own field, and ex- 
perienced operators can often obtagn surprisingly accurate results. 
Its satisfactory use for the determination of any one combustible gas 
in air, requires that this gas be practically insoluble in water. Ben- 
zene vapor is quite soluble in water; therefore the indicator can not 
be used for it. The determination of hydrogen is the simplest and 
most accurate; first, because this gas is completely and rapidly burned 
at very low glower temperatures, and secondly, because the combus- 
tion produces no carbon dioxide, which is a complicating factor on 
account of its solubility. The combustion of methane requires a 
moderate length of time, a high glower temperature is necessary, and 


some carbon dioxide is produced. Petroleum vapors burn completely - 


with moderate glower temperatures, but require a longer time for 
complete combustion and produce larger quantities of carbon dioxide. 


PUBLICATIONS ON THE DETECTION AND ANALYSIS OF MINE 
GASES 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest. 
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Requests for publications should be addressed to the Dirttor 
Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications sal 
able for free distribution as well as those obtainable only from th 
Superintendent of Documents, Government Printing Office, on par 
ment of the price of printing. Interested persons should apply # 
‘the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION 


BuLLETIN 227. Flame safety lamps, by J. W. Paul, L. C. Isley, and Bd. 
Gleim. 1924. 212 pp., 32 pls., 22 figs. 

TECHNICAL PaPerR 119. The limits of inflammability of mixtures of methane 
and air, by G. A. Burrell and G. G. Oberfell. 1915. 30 pp., 4 figs. 

Miners’ CircuLak 12. Use and care of miners’ safety lamps, by J. W. Pau: 
1913. 16 pp., 4 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY FROM THE SUPEBD- 
TENDENT OF DOCUMENTS 


TrcunicaL Paper 14. Apparatus for gas-analysis laboratories at coal mine. 
by G. A. Burrell and F. M. Seibert. 1913. 24 pp., 7 figs. 5 cents. 

TrcHNICAL Paper 39. The inflammable gases in mine air, by G. A. Burrel 
and F. M. Seibert. 1913. 24 pp., 2 figs. 5 cents. 
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